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MICROFLORISTIC EVIDENCE ON THE BOUNDARY BETWEEN 
THE CARBONIFEROUS AND THE PERMIAN SYSTEMS IN 
PFALZ (W. GERMANY) 


D. C. BHARDWAJ & B. 5. VENKATACHALA 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


The Sporae dispersae recovered out of the coals 

from the Upper Carboniferous (Stephanian C )- 
Lower Rotliegend succession in Pfalz ( W. Germany), 
assigned to 17 spore genera, have been described. 
It includes an account of four new species of Sporae 
| dispersae. 
It has been discovered that Lycospora disappears 
| at the end of Stephanian C and Triquitrites con- 
 tinues to remain absent in Kuseler Schichten even. 
The succeeding microflora in Kuseler Schichten 
(Lower Rotliegend ) continues as a much depleted 
Stephanian C microflora till finally dying out in 
Upper Kuseler Schichten. It has been concluded 
that microfloristically Kuseler Schichten can form a 
part of the Carboniferous and the boundary between 
the Permian and the Carboniferous can preferably 
lie between Kuseler Schichten and the succeeding 
Lebacher Schichten. 


INTRODUCTION 


HEN one of the authors ( Bhardwaj ) 
concluded his study of the Sporae 
dispersae of the Saar Coals ( 1955 ), 

the question as to how do the dispersed 
spores of the uppermost subdivision of Upper 
Carboniferous in the Saar, i.e. Stephanian C, 
compare with the Sporae dispersae of the 
overlying division, 1.6. Lower Rotliegend, 
naturally occurred to him. It is in fulfilment 
of the same question that the present study 
has been undertaken. 

The floristic relation of the upper part of 
Upper Carboniferous and Lower Rotliegend 
has never been precisely defined. The diffi- 
culty has always arisen while fixing a 
floristic boundary between the Upper Carbo- 
niferous and Rotliegend. As this boundary 
is also the dividing line between the Carboni- 
ferous and the Permian Systems, its im- 
portance has been further enhanced. Maga- 
floristically a gradual transition from the 
uppermost part of the Upper Carboniferous 
into Lower Rotliegend has been noted in all 
the regions where continuously bedded strata 
from Carboniferous to Rotliegend have been 
investigated. Thus in the U.S.A., a gradual 
transition has been responsible for the crea- 
tion of Dunkard Division which is partly 


made up of the Upper Carboniferous and 
partly of the Lower Rotliegend equivalents 
of Europe. In the French-interior basins 
too it has proved difficult to separate the 
Stephanian from the Autunian (Rotliegend). 

In the Saar, the youngest coal seam is the 
Grenzkohlen seam, and shortly above this lies 
the supposed boundary of Upper Carboni- 
ferous - Rotliegend, characterized by chalky 
bands. To the east of the Saar, a continua- 
tion of the Saar coal-basin lies in Pfalz 
(W. Germany). In this region the sedi- 
mentation began late in the Upper Carboni- 
ferous and continued to give rise to the 
younger strata of the Lower and Upper 
Rotliegend. The Upper Carboniferous and 
the Lower Rotliegend layers of Pfalz contain 
a few thin coal seams which provided the 
material for our study. 

The availability of suitable material, care- 
fully collected by Dr. K. Josten (then a 
doctorate student of Mainz University, 
Pfalz) in 1953, made it possible for us to 
study the Sporae dispersae of the Upper Car- 
boniferous - Lower Rotliegend succession of 
Pfalz and thereby to contribute towards the 
understanding of the floristics on the basis 
of the distribution of dispersed spores. We 
are thankful to Dr. Josten for the material. 


MATERIAL AND METHODS 


The material was collected either from 
mines which are working their seams or from 
outcrops in the field. In the latter case 
the seams were thin, so-called “ Kohlen- 
schmitzen 7, which have not been named and 
due to their thinness are not being worked. 
The details of the localities and their strati- 
graphical position as communicated by the 
collector (Dr. K. Josten) are given in Table 1. 
As is evident from Table 1, the sampling of 
the thicker seams, especially those collected 
from the mines, was detailed, taking 2-4 
samples vertically along the height in each 
seam. The outcrop samples from the thin 
seams are single. 
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TABLE 1 
SAMPLE STRATIGRAPHICAL LOCATION MACERA- 
No. POSITION oa ——— A _— TION 
In topographical Spot Nos 
sheet 

il per Ottweiler Schichten Godelhausen Roof seam, Mine Kleeb 1 

2 Ben do do Main Seam Top, Mine Kleeb 2 

8 do do Main Seam Bottom, Mine Kleeb 3 
4 do Steinbach Roof Seam, Mine Maria 4 | 

5 do do Main Seam Middle, Mine Maria 5 

6 do do Main Seam Bottom, Mine Maria 6 

7 do Labach Main Seam Top, Mine Labach 7 

8 do do Main Seam Bottom, Mine Labach 8 

9 Middle Kuseler Schichten Kirn Main Seam Top, Mine Medicus 9 

10 do do Main Seam below the top, Mine 10 

Medicus 

11 do do Main Seam Middle, Mine Medicus 11 

12 do do Main Seam Bottom, Mine Medicus 12 

13 Upper Kuseler Schichten Lauterecken Near Hohenhollen 13 

14 do do Near Cronenberg 14 

15 do do Near Heinzenhausen 15 

16 Middle Kuseler Schichten Kusel Near Rammelsbach 16 

17 Upper Kuseler Schichten Lauterecken Near Odenbach 17 

18 do do Near Adenbach 18 

19 do do Near Adenbach 19 

20 do Wolfstein Nd. Staufenbach 20 


The maceration of the material was done 
by Zetsche & Kälin’s method, as described 
by Bhardwaj ( 1957 ), during 1953 at Amt für 
Bodenforschung Krefeld, W. Germany, by 
Mr. Jost to whom our thanks are due. The 
slides were mounted in Canada balsam. 


THE COAL-BEARING PALAEOZOIC 
SUCCESSION IN PFALZ 


The coal-bearing Palaeozoic strata in 
Pfalz rest unconformably on a Devonian 
base. Unlike the Saar basin, the sedi- 
mentation in this part began very late during 
Upper Carboniferous. The oldest coal- 
bearing horizon thus was deposited during 
Stephanian C. Overlying these, the sedi- 
mentation continued into Lower Rotliegend 
in a conformable succession (TABLE 2). 
The Lower Rotliegend was followed by Up- 
per Rotliegend, the latter resting uncon- 
formably over the former. The Upper 
Rotliegend is again separated from the over- 
lying Triassic Buntsandstein by an uncon- 
formity. 

The strata comprised of Stephanian C and 
Lower Rotliegend consist mostly of conglo- 
merates, sandstones, sandy and clayey shales 
and chalkbands together with a few thin coal 
seams (TABLE 2). Although the deposits of 
coal seams end as early as Lower Lebacher 
Schichten, the occurrence of plant-fossil re- 
mains is reported almost up to the close of 
the Lower Rotliegend sedimentation in the 
basin. 

The investigation was restricted to the 
study of coal seams only. Out of the 5 coal 
seams reported in the succession ( TABLE 2), 


samples collected from only 3 out of these, 
i.e.one each from the Upper Ottweiler Schichten, 
Middle Kuseler Schichten and Upper Kuseler 
Schichten, proved useful. The thin coal seams | 
occurring in the Lower Kuseler Schichten and 
Lower Lebacher Schichten were not collected 
by Dr. Josten, but a number of hand samples 
of coaly shale from these horizons, sent by 
Professor Falke of Mainz University, were 
examined by one of us ( BHARDWAJ ) and 
were found barren of microfossils. 


DESCRIPTION OF SPORAE DISPERSAE 


The sequence of description of the Sporae | 
dispersae pertains to the system of classifica- | 
tion by Potonié & Kremp ( 1955-56). For | 
explanation of the descriptive terminology ' 
employed here see Potonie & Kremp 
(01222 0070 220 | 

Super-division — Sporites H. Pot. 
Division — Triletes (R.) Pot. & Kr. 
Subdivision — Azonotriletes Luber. 
Series — Laevigati (B. & K.) Pot. & Kr. 
Leiotriletes ( Naum.) Pot. & Kr. 
Leiotriletes levis ( Kos.) Pot. & Kr. 
PI. 1, Figs. 1, 2 


For holotype and description see Kosanke 
95082213) 


Punctatisporites (Ibr.) Pot. & Kr. 
Punctatisporites minutus Kos. 
Pl. 1, Figs. 3-6 


For holotype and description see Kosanke 
(1950 D AS 


| 
| 
| 


TABLE 2 — COAL-BEARING GEOLOGICAL SUCCESSION IN PFALZ 
(ADOPTED FROM FALKE, 1953 ) 


STANDARD PROFILE OF UPPER CARBONIFEROUS— LOWER ROTLIEGEND SUCCESSION IN PFALZ 


|GEOLOGICAL | STATIGRAPHIC PROFILE OF | COMPOSITION OF | PLANT OLD STRATIGRAPHIC 
on SUBDIVISIONS | STRATA ,, STRATA MEGAFOSSIL| DESIGNATIONS 


BOUNDARY ZONE 
it en ie Br 


RASE SEE VG OL VAE Pa ea De EA SS AE 


UPPER THOLEYER 
SCHICHTEN 


SHALY CLAYS 


MIDDLE THOLEYER 
SCHICHTEN 


SANDSTONE 
& 
SHALY CLAY SCHWEISWEILER 


RED SHALY CLAY SCHICHTEN 


CONGLOMERATE 
SANDSTONE 
RED SANDY SHALE 


FINE — GRAINED SANDST. 


LOWER THOLEYER 
SCHICHTEN 


SANDY $HALE 


LEBACHER 
SCHICHTEN 


UPPER LEBACHER 
SCHICHTEN 


=» SHALY CLAYS 


MIDDLE LEBACHER F 
SCHICHTEN 


SHALY CLAY AND 
SANDY CLAY 


SANDST.8 CHALKY BAND 


SHALY CLAY & 
SANDY SHALE 
(SAND STONE) 


SANDY SHALE 


HOOFER 
SCHICHTEN 


COAL SEAM 
SHALY CLAY 
SANDY SHALE 
SANDSTONE 
ARKOSE 


CONGLOMERATE — SANDST. 
SANDY SHALE 
CHALK BAND 


LOWER LEBACHER 
SCHICHTEN 


ALSENZER 
SCHICHTEN 


P 


UPPER 
KUSELER 
SCHICHTEN 


SANDY SHALE & 
SHALY CLAY 


CHALK — COAL SEAM 
SANDY SHALE & 
SANDSTONE 


CONGLOMERATE 


ODENBACHER 


CHALK BAND SCHICHTEN 


COAL & SHALE 
RED & GRAY SANDSTONE 


CONGLOMERATE 8 
SANDY SHALE 


SANDSTONE WAHNWEGER 
CONGLOMERATE & SANDY SCHICHTEN 


SHALE & SANOSTONE 
SHALE ; ALTENGLANER 
9 SCHICHTEN 
REMIGIUSBERGER 
SCHICHTEN 


SANDY COAL 


MIDDLE 
KUSELER 
SCHICHTEN 


OMT) One 
OO 970709708) 95970 


1 ORWscan 


LOWER 
KUSELER 
SCHICHTEN 


CHALK BAND 


CONGLOMERATE 


STR. CHALK 
SANDY SHALE 9 BREITENBACHER 


COAL SEAM SCHICHTEN 
SHALE 


UPPER 


en 
Ce aS 
VE 
ge 
a eee CERN RES) 
en om ee nee) 


SCHICHTEN SANDSTONES 


POTZBERG 
SCHICHTEN 


SHALE 


(WESTPHALIAN ६) 


UPPER CARBONIFEROUS 
STEPHANIAN C 


OO CONGLOMERATE 
O 
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Calamospora S.W. & B. 


Calamospora cf. microrugosa (Ibr.) 5. W. & B. 
PI. 1, Figs. 7-10 


For holotype, diagnosis and description 
refer to Potonié & Kremp ( 1955, 9. 49 ) and 
Bhardwaj ( 1957 ). 

Remarks —C. microrugosa is a mid-west- 
phalian type. 


Calamospora breviradiata Kos. 
Pl. 1, Fig. 11 


For holotype and description see Kosanke 
(1950, p. 41). 


Calamospora saariana Bhard. 
Ri 11035. 12, 13 


For holotype, diagnosis and description 
see Bhardwaj (1957). 


Calamospora sp. 
Pl. 1, Fig. 14 


Description — Size 50 u, Y-mark distinct, 
rays 4 the length of the spore radius, 
straight, Jabra thin, inter-ray area darkened 
but the darkening clearly delimited, unlike 
the undefined nature seen in C. microrugosa, 
C. breviradıata and C. saariana. The darken- 
ing is also not uniform in the 3 areas but is 
more in one than in the other two, appearing 
as if it is formed by the shifting of an inner 
globular body. 

Comparison —C. pallida (Loose) S.W. & B. 
has smaller rays and lacks the inter-ray 
darkening. C. pedata Kos. is bigger and 
lacks the inter-ray darkening. No other 
species of Calamospora described by Kosanke 
( 1950 ) or Bhardwaj ( 1957 ) is comparable. 


Cyclogranisporites Pot. & Kr. 


Cyclogramisporites microgranus Bhard. 
Pl. 1, Figs. 15, 16 


For holotype, diagnosis and description 
see Bhardwaj (1957). 


Series — Apiculati (B. & K.) Pot. & Kr. 
Lophotriletes (Naum.) Pot. & Kr. 
Lophotriletes commissuralis (Kos.) Pot. & Kr. 
Pl. 1, Fig. 18 


For holotype, diagnosis and description, 
see Potonié & Kremp (1955, p. 73) 


Verrucosisporites ( 197.) Pot. & Kr. 


Verrucosisporites cf. donarii Pot. & Kr. 
PI. 1, Fig. 19 


For holotype, diagnosis and description | 


see Pot. & Kr. ( 1955, p. 67) 


Remarks — Although the specimen figured | 


here agrees very closely with the holotype 


of V. donarii, the disparity in the age of the | 


two specimens must not be lost sight of. 


Division — Zonales ( 8. & K.) Pot. & Kr. 


Subdivision — Zonotriletes Waltz. 
Series — Cingulati Pot. & Klaus. 


Crassispora Bhard. 


Crassispora pfalzensis sp. nov. 
Pl. 1, Fig. 17 
Holotype — Pl. 1, Fig. 17. 


Diagnosis — Size 56-66 u, holotype ( com- 
pensated ) 58x 66 u, roundly triangular Y- 


mark not visible, coni unequal in size, sub- | 
equatorial dense zone ( crassitudo ) 12-14 u | 


broad, exine sculpture with unequal, small 
coni. 


Comparison — Larger in size as well as | 


having thicker and wider crassitudo than C. 
ovalis Bhard. Smaller in size than C. 
kosankei ( Pot. & Kr.) Bhard. 


Lycospora (S.W. & B.) Pot. & Kr. 


Lycospora microgranulata Bhard. 
Pl. 1, Figs. 20-23 


For holotype, diagnosis and description 
see Bhardwaj ( 1957). 


Lycospora triangulata Bhard. 
Pl. 1, Figs. 24-26 


For holotype, diagnosis and description 
see Bhardwaj ( 1957 ) 


Lycospora perforata sp. nov. 
Pl. 1, Fig. 27 


Holotype — Pl. 1, Fig. 27. 

Diagnosis — Size 24-30 u, equilaterally 
triangular, angles rounded, crassitudo and 
flange है the length of the spore radius, 
crassitudo well demarcated and uniformly 
2-3 ७ wide; flange perforated Y-rays pro- 
minent and granular; exine granular. 


— 


BHARDWAJ & VENKATACHALA — MICROFLORISTIC EVIDENCE ON BOUNDARY 5 


Comparison — L. microgranulata is bigger 
in size; ovoloid triangular, i.e. with one side 
longer than the other two sides, crassitudo 
{ not as broad and prominent, L. punctata Kos 
is considerably bigger 


Densosporites ( Berry ) Pot. & Kr. 
Densosporites sp. 
PAL, “il, Lise, 28 


1 Description — Size 34 u, roundly tri- 
j angular, Y-rays hardly noticeable; cingulum 
{as a thick, submarginal zone, ( crassitu- 
dinous ) up to 10 u. broad, margin and surface 
| of the cingulum rough and uneven, dense, 
\ cingulum sharply demarcated from the 
| hyaline, inner, triangular area. Exine of 
{ the inner area finely verrucose. 
Comparison — The paratype of D. sinuosus 
है Kos. ( Kosanke, 1950, PL. 6, Fic. 2) com- 
; pares very well with the specimen figured 
here. Among the species of Densosporites 
described by Potonié & Kremp ( 1956 ) only 
| the forms described as D. sphaerotriangularis 
| Kos. show some organizational similarity 
to the specimen illustrated here, but the 
former are distinctly bigger in size. Among 
the Saar coals such form has never been ob- 
served by Bhardwaj ( 1957 ). 
Remarks — The specimen figured here is 
the only one found in all the macerations 
undertaken for the present investigation. 
The chances of the presence of the specimen 
due to contamination in the laboratory ap- 
pear to be remote because it does not agree 
with any of the species of Densosporites 
| described by Potonié & Kremp or by Bhar- 
| dwaj, who were the only people dealing 
with the coals of the Ruhr basin and the 
Saar basin, respectively, at that time in 
the Laboratory of Amt fiir Bodenforschung, 
Krefeld. 


Division — Monoletes Ibr. 
Subdivision — Azonomonoletes Luber. 


Laevigatosporites Ibr. 
Laevigatosporites medius Kos. 
Pl. 2, Figs. 29-32 
For holotype and description see Kosanke 
1950, p- 29.) 
Laevigatosporites vulgaris Ibr. 
Pl. 2, Figs. 33-35 
For holotype, diagnosis and description 
see Potonié & Kremp ( 1956, 9. 139 ). 


Laevigatosporites desmoinesensis 
(Wils. & Coe) S.W. & 8. 
BP ER 230037 
For description see Potonié & Kremp 
(1956, p. 139) 


Laevigatosporites minimus 
(Wils 06 Coen: 00 0 18). 
Pl. 2, Figs. 38, 39 
For description see Potonié & Kremp (1956 
p. 138) 
Latosporites Pot. & Kr. 


Latosporites saarensis Bhard. 
Pl. 2, Fig. 40 


For holotype, diagnosis and description 
see Bhardwaj ( 1957 ). 


Latosporites minutus Bhard. 
Pie ties 


For holotype, diagnosis and description 
see Bhardwaj ( 1957 ). 


Latosporites sp. A. 


Pl. 2, Fig. 42 
Description — Size 23-27 x 20-24 u in 
lateral view, monolete mark 3 the long 


axis, exine laevigate. 


Latosporites sp. B. 
Pl. 2, Fig. 43 
Description — Size 50x 46 u. in polar view, 
monolete mark 3 the long axis, exine 
laevigate. 


Punctatosporites Ibr. 


Punctatosporites cf. minutus Ibr. 
Pl. 2, Figs. 44, 45 


For holotype and description see Potonié 
& Kremp ( 1956, p. 143 ) 

Remarks — P. minutus is a species of the 
middle Westphalian age as recorded from the 
central European basins as well as the 
Donetz basin ( U.S.S.R.). 


Striatosporites Bhard. 
Striatosporites pfalzensis Sp. nov. 
Pl. 2, Fig. 46 
Holotype — PI. 2, Fig. 46 
Diagnosis — Size 80-110 x 80-85 u. in polar 


view, monolete mark more than ? the long 
axis. 
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Description — Broad canals perceptible, 
finer canals more numerous than in S. major. 
The size of S. pfalzensis is distinctly smaller 
than S. major. 


Striatosporites major Bhard. 
PI 118. 47 


For holotype, diagnosis and description 
see Bhardwaj ( 1954 ). 


Super-division — Pollenites R. Pot. 
Division — Saccites Erdtm. 
Subdivision — Monosaccites Chitaley. 
Series — Triradites (Pant) Bhard. 


Guthorlisporites Bhard. 


Guthörlisporites sp. 
Pl. 2, Fig. 48 


Description — Size +65 u, roughly tri- 
angular; central body subcircular, +30 u 
in diameter, brownish, Y-mark evident, 
rays + reaching the margin of the central 
body; bladder thin, finely intrasculptured, 
limbus absent. 

Comparison — The genotype of Guthörli- 
sporites, 1.e. G. magnificus Bhard., is bigger 
in its overall size as well as the body size. 


Series — Aradiati Bhard. 


Florinites S.W. & B. 


Florinites pfalzensis sp. nov. 
PI. 2, Figs. 49, 50 


Holotype — Pl. 2, Fig. 49. 

Diagnosis — Size 70-85 u, subcircular, cen- 
tral body well defined, subcircular, 25-30 u 
in size, thin-walled, brownish in colour. 
Bladder uniformly expanded all round the 
body. 

Comparison — Bigger than the known 
range of overall size in F. ovalis Bhard. 
Organizationally very similar to a speci- 
men referred by Bhardwaj (1957, Pr. 31, 
Fic. 3) to F. ovalis. F. antiquus is consider- 
ably older and its central body is not so 
distinct. 


Florinites sp. 
Pl. 2, Fig. 51 
Description — Size 70-85 x 50-65 u. in polar 


view, body thin-walled, 56x45 u. No Y- 
mark or monolete mark apparent. 


Subdivision — Disaccites Cookson. 
Illinites Kos. 


Illinites sp. 
PI. 2, Fig. 52 


Description — Size 76x44 (५, body oval, | 
dense, smooth, having two, laterally-uniting, | 
arcuate, dense regions where the two bladders 
are attached to the body on each side. In 
between the zones of the bladder attachment, | 
a slit apparent. Bladders uniform, intra- | 
reticulate. । 

Comparison — I. unicus, the genotype has 
a more distinct Y-mark. | 


Pityosporites ( Sew.) Pot. & Kr. 


Pityosporites schaubergeri Pot. & KI. 
Pl. 2, Figs. 53, 54 


For holotype, diagnosis and description | 
see Potonié & Klaus ( 1954 ). 


Series — Sulcati Bhard. 


Alisporites Daugh. 


Alisporites saarensis Bhard. 
Pl. 2, Fig. 55 


For holotype, diagnosis and description, 
see Bhardwaj ( 1957). 


MICROFLORISTIC COMPOSITION OF 
THE COAL SEAMS 


From the details in Table 3, it is apparent 
that the coal seams from mines Kleeb, Maria 
and Labach of Upper Ottweiler Schichten are | 
the richest in the number of types, having 
27 species distributed in 16 spore genera. 
The next in order come the seams from mine 
Medicus of the Middle Kuseler Schichten and | 
the poorest of all are the seams from the Upper | 
Kuseler Schichten, having been represented 
by only 6 spore species. It is apparent that | 
Upper Ottweiler Schichten which is the oldest | 
in the succession is richest and Upper Kuseler 
Schichten, the youngest of the strata investi- 
gated, is the poorest in its spore and pollen 
contents. It can thus be surmised that the 
flora had a tendency to become poorer from 
the oldest to the youngest strata in the suc- 
cession. 

Within Upper Ottweiler Schichten, the com- 
positions of the seams from different mines 
do not agree with each other. Here the 
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microflora of the seam in Labach mine is 
qualitatively the richest followed by that of 
the seams in Maria and Kleeb mines. 

Between the two samples of Middle Kuseler 
Schichten similar nonagreement is noticeable. 
The sample from mine Medicus/Kirn is richer 
in quality and quantity than the sample from 
Kusel/Rammelsbach. Likewise the samples 
of Upper Kuseler Schichten trom Lauterecken 
area differ among themselves. 

From the above comparisons we conclude 
that the tendency for the microflora to be 
progressively poorer in quality as well as 
quantity, as one proceeds from the older to 
the younger divisions, is manifest equally 
strongly within the divisions as well. On 
this basis we have arranged the histograms 
of the seams in Table 4, within the 3 geolo- 
gical subdivisions in a sequence commen- 
surate with the tendency of the microflora 
to become poorer in younger horizons. The 
richest coal seam from Labach mine is placed 
at the base. Samples 13, 15, 17 and 19 have 
not been considered here for lack of any or 
adequate spores. The rearrangement of 
samples 14, 16 and 18 is on floristic grounds 
only and till this can be substantiated by 
field studies, it must be considered tentative. 


COMPARISON BETWEEN THE 
MICROFLORA OF THE VARIOUS 
GEOLOGICAL SUBDIVISIONS 


Upper Ottweiler Schichten—Gothan, Guthörl 
& Heintz (see BHARDWAJ, 1955, TABLE 2) 
have renamed Upper Ottweiler Schichten as 
Breitenbacher Schichten. Inthe conception of 
these authors, this Schichten contained only 
the Grenzkohlen seam in the Saar geological 
profile. But the latest findings of Bhardwaj 
(1955 ) suggest that microfloristically [linger 
seams show closer relationship to Grenzkohlen 
seam than to the Schwalbacher seam. The 
Illinger as wellasGrenzkohlen seams of the Saar 
contain a microflora which, in main, has a rich 
representation of Lycospora but is completely 
devoid of Triquitrites. The microflora from 
the coal seam of Upper Ottweiler (i.e. Breiten- 
bacher ) Schichten of Pfalz shows full agree- 
ment in these features, i.e. the abundance of 
Lycospora and the absence of Triquitrites, 
just as has been noted in the Illinger and 
Grenzkohlen seams of the Saar; all the same, 
the former are not as rich qualitatively as 
the latter. Such spore genera as Valvisispo- 
rites, Cyclobaculisporites, Raistrickia, Anguli- 
sporites, Wilsonia, and Potonieisporites, which 


are present in the Illinger and Grenzkohlen | 
seams of the Saar, have not been found | 
in the coal seams of Pfalz. Even among | 
those spore genera which are represented in | 
both regions while a large number of species | 
are the same, a significant number are not | 
known from one region or the other. In | 
spite of these differences, which the simi- 
larities outweigh, it can be concluded that | 
the microfloras of these horizons agree in | 
general. | 

Middle Kuseler Schichten — The microflora | 
of Middle Kuseler Schichten is devoid of Lyco- | 
spora unlike the microflora of Breitenbacher 
Schichten. Triquitrites continues to be ab- | 
sent and a large number of other genera | 
present in the older horizon such as Verru- | 
cosisporites, Crassispora, Striatosporites, Illi- | 
nites and Alisporites are also not present any 
longer. Calamospora cf. microrugosa makes 
new appearance. 

Upper Kuseler Schichten — The microflora 
of Upper Kuseler Schichten is allthe more poor 
as compared to Middle Kuseler Schichten by 
the absence of such genera as Leiotriletes and 
Laevigatosporites. On the other hand, two 
genera, Punctatisporites and Pityosporites, are 
the new additions to the flora. The latter 
genus is present only in one sample and so 
does not seem to be normal for the horizon. 
It appears that Pityosporites heralds the 
beginning of the next horizon. 

Lebacher and Tholeyer Schichten — The 
microflora of these subdivisions is not known. 
But from the analysis of the Saar-Pfalz 
flora by Weiss ( 1869-1872) as well as by 
Doubinger ( 1956 ) it is apparent that during 
the time these subdivisions were deposited 
the megaflora once again became rich by the 
addition of a large number of new, chiefly 
coniferous forms as compared to the scanty 
flora of Kuseler Schichten. Sample 20 might 
be the beginning of Lebacher Schichten. 


DISCUSSION 


The chief purpose of this study has been 
to ascertain the microfloristic relationship 
of the Upper Carboniferous strata in Pfalz 
to the overlying Lower Rotliegend strata. 
From the comparisons made above it has 
become apparent that the’ Upper Ottweiler 
coal seams of Pfalz are in microfloristic con- 
tinuation of the Stephanian C ( Illinger seams 
and Grenzkohlen seam) of the Saar basin. 
As the microfloral composition of the Upper 
Carboniferous seams in Pfalz is distinctly 
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poorer than the Saar seams due to the absence important genus Lycospora. These  differ- 
of certain characteristic spore genera, it is ences suggest a significant change to justify 
presumbale that a minor floral change sepa- a distinct separation of these two horizons. 
rated these two sections of Stephanian C. Now the question arises as to what ranking 

Kuseler Schichten exhibits a major change we should ascribe to this change, i.e. whether 
in its microflora as compared to the under- this change = of the nature to separate 
lying Upper Ottweiler Schichten. Not only two systems, arboniferous from Permian, 
that the microflora of Kuseler Schichten is or it can be considered a change within a 
much poorer in composition, it also lacks the system. 
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The disappearance of Lycospora occurred 
|twice in the Saar-Pfalz basin. It disappeared 
[at the close of Westphalian separating it from 
[the overlying Stephanian. Within Stepha- 
nian Lycospora reappeared during Stepha- 
jnian C only to disappear once again by 
the close of that period. If we were to con- 
| sider the two similar disappearances at par, 
| Kuseler Schichten should become a part of Car- 
\boniferous. Even otherwise if we appreciate 
| the significance of the microfloral continuity 
}exhibited during the succession from Upper 
| Ottweiler Schichten up to Kuseler Schichten, 
as if of a waning flora, we have to agree that 
the floral changes indicated are not of such 
magnitude as to put one part into the Car- 
boniferous and the other in the Permian. 
By Upper Kuseler Schichten time the micro- 
flora existing through Upper Offweiler and 
Middle Kuseler Schichten reached its last limit, 
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there having been left only two spore genera 
of the older flora. Towards the close of this 
period two new spore types, Punctatisporites 
and Pityosporites, appeared. The nature of 
the microflora which flourished during Leba- 
cher and Tholeyer Schichten is not exactly 
known although the reported richness of these 
layers in fossil conifers (DOUBINGER, 1956) 
and the appearance of Pityosporites at the 
close of K useler Schichten (SAMPLE 28, TABLE 4) 
suggest a dominance of biwinged spore types 
just as in the rest of the Permian. It seems 
that the really Permian character of the flora 
began developing from Lebacher Schichten 
onwards. Thus so far as Kuseler Schichten is 
concerned, floristically it can preferably be 
considered a part of the Carboniferous and 
the boundary between Carboniferous and 
Permian can be assumed to lie between 
Kuseler and Lebacher Schichten ( TABLE 5). 
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EXPLANATION OF PLATES 


All magnifications 500 x. 


PLATE 1 
1, 2. Leiotriletes levis ( Kos.) Pot. & Kr. 
3-6. Punctatisporites minutus Kos. 
7-10. Calamospora cf. microrugosa ( 1091.) S.W. & B. 
11. Calamospora breviradiata Kos. 
12, 13. Calamospora saariana Bhard. 
14. Calamospora sp. 
15, 16. Cyclogranisporites microgranus Bhard. 
17. Crassispora pfalzensis Sp. nov. 
18. Lophotriletes commissuralis ( Kos.) Pot. & Kr. 
19. Verrucosisporites cf. donarii Pot. & Kr. 
20-23. Lycospora microgranulata Bhard. 
24-26. Lycospora triangulata Bhard. 
27. Lycospora perforata sp. nov. 
28. Densosporites sp. 


PLATE 2 
29-32. Laevigatosporites medius Kos. 


Slides preserved at Birbal Sahni Institute of Palaeobotany. 


33-35. Laevigatosporites vulgaris Ibr. 

36, 37. Laevigatosporites desmoinesensis ( ४४115. & 
(060) SAW te 18% 

38, 39. Laevigatosporites minimus ( ४४115. & Coe. ) 
SAVE: 

40. Latosporites saarensis Bhard. 

41. Latosporites minutus Bhard. 

42. Latosporites sp. A. 

43. Latosporites sp. B. 

44, 45. Punctatosporites cf. minutus Ibr. 

46. Striatosporites pfalzensis Sp. nov. 

47. Striatosporiies major Bhard. 

48. Guthörlisporites sp. 

49, 50. Florinites pfalzensis sp. nov. 

51. Florinites sp. 

52. Illinites sp. 

53, 54. Pityosporites schaubergeri Pot. & Kl. 

55. Alisporites saarensis Bhard. 


A NEW SPECIES OF PTILOPHYLLUM FROM BANSA, 
SOUTH REWA GONDWANA BASIN 
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ABSTRACT 


Cuticular structure of a new species of Ptilo- 
phyllum (P. gladiatum ) from Bansa, South Rewa, 


has been described. 
B tremely rare in the Upper Gondwanas 
( Jabalpur series) of South Rewa 
Gondwana basin. From there, so far only a 
single species, Ptilophyllum cutchense Morr., is 
known. One specimen each of P. cutchense 
was collected by Hacket ( 1872) from Bara- 
gaon and Hughes ( 1880 ) from Bansa. Both 
these specimens were reported by Feistmantel 
(1882); he, however, did not describe or 
figure any one of them. He had only men- 
tioned (p. 40), “ This species has been 
already several times described and figured 
in the various papers on Upper Gondwana 
fossils, so there is no necessity of mentioning 
it any further here. I would only remark 
that it was met with but rarely, only one 
specimen having been found at one locality. 
I have not figured it, it being of the ordinary 
type of this species.” 

The present species is based on a specimen 
collected by us in March 1957 from Machrar 
river cutting near the village Bansa!, about 
6 miles south-west of Chandia, South Rewa. 
The specimen was collected along with 
hundreds of other specimens, mostly be- 
longing to the conifers. All of them are 


carbonized and preserved in dark carbona- 
ceous shales. 


INTRODUCTION 
ENNETTITALEAN fronds are ex- 


DESCRIPTION 


Ptilophyllum gladiatum n. sp. 
ENTER seit, VAT 


Gross Features — Leaf incomplete, avail- 
able length 9-6 cm., width over the middle 
1-9 cm., tapering gradually to the base, apex 
not preserved. Pinnae placed over the 
rachis, almost concealing it; obliquely placed, 


1. Since 1 November 1956, this village is in 
Madhya Pradesh, 


12 


alternating, closely set or slightly imbricate | 
towards the apical region; upper margın 
almost straight, lower slightly convex, apex 
acute; upper basal angle of pinnae rounded, | 
lower basal angle less rounded, sometimes | 
concealed by the pinna below. Shape of the | 
pinnae on the whole ‘ gladius-like’. Sub- 
stance of lamina thick, veins indistinct. 

Cuticular Structure of Rachis — Cuticle | 
thick on both the sides. Epidermal cells on 
the upper side much elongated, rectangular 
or rarely pointed. Lateral and end-walls | 
straight, surface unspecialized. Lower cuti- | 
cle of rachis with both stomata and papillae, 
epidermal cells slightly broader than the 
upper cuticle. , Lateral and end-walls straight | 
or slightly undulated at places. Surface-wall 
in majority smooth, few papillate. Papillae 
conical or dome-shaped, sometimes flattened 
to form an oval ring. Stomata rare, guard 
cells mostly orientated transversely, sub- 
sidiary cells much thickly cutinized than the 
rest of the epidermis. 

Cuticular Structure of the Lamina — Sto- : 
mata present only on lower side. Upper 
cuticle slightly thicker than the lower. Cells 
of the upper cuticle usually rectangular, 
sometimes squarish; lateral and end-walls 
thick, sinuously folded; the end-walls com- 
paratively thinner with close and smaller 
loops; surface-wall smooth. Veins not in- 
dicated. Lower cuticle showing stomata 
forming bands between the veins and also a 
specialized marginal region with no stomata. 
The marginal non-stomatal band consists of 
6-11 rows of rectangular or squarish cells. 
Lateral and end-walls slightly thicker than 
the lateral and end-walls of the epidermal 
cells in the stomatal bands; surface-wall 
without papillae. Stomatal bands broader 
than vein bands; usually there is differentia- 
tion of stomatal and non-stomatal bands, 
but at places stomata may be seen over the 
vein region. The stomatal bands have 3-5 
rows of stomata, mostly transversely orien- 
tated, rarely slightly oblique, not forming 
definite files but scattered in the stomatal 
bands. The cells have thinner lateral and 
end-walls, often not even distinct. The cells 
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TEXT-FIG. 1 — A, lower cuticle, showing the cells of non-stomatal region over the veins, No. 28576-2, 
x 250. B, lower cuticle, No. 28576-2, x 250. C, one enlarged stoma, No. 28576-1, x 800. D, 
single papilla enlarged, showing the striations at the base, No. 28576-2, x 500. E, distribution of 
stomata (black lines) and papillae (rings) in 1 sq. mm. area, No. 28576-2, x 40, F, epidermal cells 
over the rachis, showing a stoma and two papillae, No, 28576-4, X 250, 
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over the veins 2-3 rows, more like marginal 
cells, lateral and end-walls mostly clear. 
Surface-wall of the cells of stomatal and vein 
region more commonly papillate. Papillae 
thickly cutinized, hollow, conical or dome- 
shaped, sometimes mushroom-shaped, even 
flattened to form oval rings; tip mostly 
rounded, sometimes broken, then giving an 
appearance of a hollow cylinder; base show- 
ing peculiar striations. 

Guard-cells sunk, with well-developed 
curved crescent-shaped thickenings, sub- 
sidiary cells broad, outer walls looped, inner 
wall without papillae. 

Locality — Bansa, about 6 miles south- 
west of Chandia, Madhya Pradesh. 

Horizon — Jabalpur series, South Rewa 
Gondwana basin. 

Collection — Holotype, specimen No. 28576 
ofthe Birbal Sahni Institute of Palaeobotany. 


COMPARISON 


We have failed to compare our specimen 
with Ptilophyllum cutchense Morris, reported 
by Feistmantel (1882) from Bansa, as no 
figure or description is available. However, 
a comparison with P. cutchense described by 
Sahni & Rao (1933) and Jacob & Jacob 
(1954) shows P. gladiatum is distinct from 
the former. The shape of the pinnae in 
the two is different. Unlike P. gladiatum 
rachis of P. cutchense is without stomata and 
papillae. In P. cutchense, on the lower side, 
surface of each cell of the stomatal and non- 
stomatal bands is papillate, sometimes a cell 
may have 2-3 papillae, whereas in P. gladia- 
tum quite a good many cells are without 
papillae and none of the cells have more than 
one papilla, their shape is also different. 
P. cutchense resembles P. gladiatum in having 
stomata sometimes over the veins as well and 
also in lacking papillate subsidiary cells. 
P. gladiatum, to some extent, may be com- 
pared with P. acutifolium Morris described 
by Seward & Sahni (1920) and Jacob & 
Jacob (1954). In both pinnae have acute 
tips, lower cuticle is differentiated into 


stomatal, non-stomatal and marginal regions, 
and outer walls of the subsidiary cells are 
looped. But P. acutifolium is different in 
many ways — its rachis has no stomata or 
papillae, lower cuticle is extremely delicate, 
papillae are sessile and 8-10 papillae overhang 
the outer walls of the subsidiary cells of each 
stoma. Some of the pinnae of P. amar- 
jolense Bose with acute tips show slight re- 
semblance with P. gladiatum but the surface 
structure of the former is different. P. 
indicum Jacob & Jacob which has been 
compared with P. acutifolium and some 
European forms of P. pecten is quite distinct 
from our species in its general form of the 
pinnae, rachis with no stomata or papillae, 
subsidiary cells with thin and straight outer 
walls and inner walls each with a papilla. 
P. distanse ( Feist.) Jacob & Jacob re- 
sembles P. gladiatum in having stomata on 
the undersurface of the rachis, but differs 
from the latter in the same way as P. acuti- 
folium; in addition pinnae here are attached 
to the rachis at some distance. In P. jabal- 
purense Jacob & Jacob pinnae are long, 
very narrow and straight, whereas in P. 
gladiatum pinnae are broad and straight. 
Round each stoma of P. jabalpurense 8-12 
papillae are present, but no such papillae are 
seen in P. gladiatum. 

In general form of the pinnae, P. gladiatum 
is somewhat comparable to P. pecten Thomas 
& Bancroft (1913) and some of the forms 
of P. pecten described by Oishi ( 1940 ) from 
Japan and Walkom ( 1917 ) from Queensland. 
However, lower cuticle and details of the 
stomata are different in P. pecten of Thomas 
& Bancroft. The cuticular structure of 
the other two forms is not known. P. gla- 
diatum also resembles to some extent P. 
pectinoides ( Phil.) Morris and P. hirsutum 
Thomas & Bancroft, both described in 
detail by Harris ( 1946, 1949), in the form 
of its pinnae. Unlike P. gladiatum cells of 
P. pectinordes are almost devoid of papillae, 
but each subsidiary cell has a papilla. In 
P. hirsutum lower epidermis is densely papil- 
lose and each subsidiary cell bears a papilla. 
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EXPLANATION OF PLATE 1 
Ptilophyllum gladiatum n. sp. 


1. Ptilophyllum gladiatum n. sp. No. 28576. 4. Lower cuticle, showing three stomatal bands 
1/1 and the distribution of stomata and papillae. No. 


De Epidermal cells of the rachis No. 28576-4. 28576-2. x 100/1. 
x 200/1. 5. Stoma and adjacent cells. No. 28576-1. 


3. Upper cuticle. No. 28576-3. x 200/1. ye OO Te 
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PRELIMINARY OBSERVATIONS ON THE PHYTO-GEOGRAPHICAL 
CHANGES IN THE KASHMIR VALLEY 
DURING THE PEEISTOCENF 
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ABSTRACT 


Four stages in the phyto-geographical evolution 
of the Kashmir Valley since the early Quaternary 
period have been distinguished by the author based 
on his investigations of the fairly complete sequence 
of fossil floras from the Pir Panjal range. 


aL HE Pleistocene period in India was 

marked by refrigeration of climate, 

together with a cycle of orogenic 
movements, which resulted in the migration 
and spread of plants to other areas of milder 
climate. These migratory movements were 
evolutionary in nature and were in the main 
controlled by gradual changes in climatic 
conditions and soil features. Evidences of 
Pleistocene glaciation are present in Kashmir, 
Nepal and Eastern Himalayas; but detailed 
geo-botanical studies of glacial and inter- 
glacial deposits have only been done in 
Kashmir. 

The Kashmir Valley was glaciated several 
times, and deposits of at least three inter- 
glacial and four glacial advances have been 
clearly recognized both from the main 
Himalayas which bound the valley on the 
north and the Pir Panjal which lies on its 
south ( DE TERRA & PATERSON, 1939 ). 

Contemporaneously with glaciation, these 
mountains were uplifted by at least 5,000- 
6,000 ft. ( Purı, 1947); and orogenic move- 
ments and glaciation brought about in- 
teresting changes in the bio-geography of the 
valley. A fairly complete sequence of fossil 
floras has been described by the author 
(Purt, 1946, 1948) from the Pir Panjal which 
enables one to distinguish the following 
stages in the phyto-geographical evolution 
of this valley. 

First Stage — Prior to the glaciation, the 
northern slopes of the Pir Panjal were forested 
with an oak-laurel community with little 
or no conifers ( PURI, 1945b, 19499 ). This 
community seems to be similar in physio- 
gnomy and composition to oak forests, now 
growing on escarpments of various mountain 
ranges of the Himalayas. An example of 
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such a type has been described recently from | 


Bashahar (Puri, 1952; MoHAn & Port, 


1955 ). 


Due to the first glacial advance on | 


the Pir Panjal being mild, as compared to | 


that on the main Himalayas, much of this 


pre-glacial vegetation seems to have survived | 


and flourished in the valley during the First 
Interglacial Period. This glacial advance 
converted the valley of Kashmir into a vast 
lake -— now known by the name of the 
Karewa lake — the bed of which was later 
on uplifted and carried up the sides of the 
adjoining mountains by the late Himalayan 
orogenies. 
Kashmiri the Karewas, are for the most part 
clayey and at higher levels are thickly 
forested with a mixed conifer-broad-leaved 


species community. The main conifer 
growing on the Karewas now is Pinus 
wallichii. 


It seems that the Karewa lake was not 
drained off all at once because the lake de- 
posits at various places seem to belong to 
more than one interglacial period. They 
are found at places interbedded with glacial 
moraines; elsewhere they cover morainic 
deposits, or are found beneath them. The 
moraines are now chiefly covered over with 
forests of Abies, which is associated with 
numerous broad-leaved species in its early 
development. 

The vegetation of the northern slopes of 
the Pir Panjal during the early Pleistocene 
comprised an oak-laurel community with 
Querous incana as the dominant tree. The 


associated species of this community probably. | 


were: Quercus glauca, Machilus duthei, M. odo- 
ratissima, Litsea chinensis, L. lanuginosa, 
Phoebe lanceolata, Pittosporum eriocarpum, 
Acer oblongum, Buxus papillosa, B. walli- 
chiana, Mallotus philippinensis, Desmodium 
spp. Berberis sp., Rosa sp. The conifers 
Cedrus deodara and Pinus wallichii seem to 
have been very rare in the oak community, 
since very few fossil specimens of these species 
have been found in the deposits. As in the 
Bashahar Himalayas conifers have been seen 


These lake deposits, called in | 
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entering the oak community only when the 
latter has been disturbed naturally or arti- 
ficially, it seems that large-scale invasion of 
the Himalayas by the conifers must have 
been a phenomenon of a later time, probably 
after an intense glaciation and some uplift 
of the Himalayas had occurred. 

Most of the fossil species of this com- 
munity occur at present in the unglaciated 
parts of the Himalayas mostly on ( southern ) 
scarp slopes of hills, at altitudes varying 
between 5,000 and 6,000 ft. These are absent 
from the Kashmir Valley or the Pir Panjal 
range. The community occupies only well- 
established soils but in disturbed areas coni- 
fers (mostly Pinus excelsa and Cedrus deo- 
dara or Picea smithiana ) come in, forming a 
mixed oak-conifer community. Both these 
communities at present occupy the summer 
monsoon belt in the Himalayas, where 
summer temperatures are high with heavy 
rainfall and the snowfall is scanty during 
winter. The fossil evidence points out that 
during the early Pleistocene period the 
Kashmir Valley was accessible to summer 
monsoons from south. The adjoining slopes 
of the Pir Panjal were then lower by at least 
5,000-6,000 ft. At that time Elephas and 
Bos roamed in these forests (DE TERRA & 
PATERSON, 1939.). 

Second Stage — At the close of the First 
Interglacial Period, the geography of the 
valley passed through further changes both 
climatically and in soil conditions. The Pir 
Panjal was uplifted by a few thousand feet, 
the Karewa lake was partly drained off; and 
the lake beds were dragged up the moun- 
tainsides, covering beneath them the older 
soil and rock types. The valley became 
partially inaccessible to summer monsoons 
as a result of the uplift of the Pir Panjal, 
and its climate changed from, what may be 
called, tropical to subtropical and even 
somewhat temperate. The fossil plants be- 
longing to this period are characteristic of 
altitudes of 7,000-8,000 ft. of the Himalayas 
and some of the species now occur even at 
9,000 ft. The fossil vegetation consisted of: 
Quercus semecarpifolia, Q. dilatata, Q. १४८५, 
Aesculus indica, Litsea sp., Desmodium latt- 
folium, Desmodium spp., Rubus fructicosus, 
Acer caesium, Acer pictum, Acer sp., Pinus 
wallichit, Cedrus deodara, Picea smithiana, 
Abies webbiana, etc. ( Purt, 1945b, 19450 ) 

Of the dominant components of this mixed 
oak-conifer-broad-leaved species commu- 
nity, the oaks do not occur today in the 


Kashmir Valley. However, the various 
broad-leaved species and conifers form an 
integral part of the vegetation of the valley 
and its adjoining mountains now. 

Third Stage — Towards the close of the 
Second Interglacial Period, the phyto-geo- 
graphy of the Kashmir Valley underwent 
further changes and the features similar to 
what are found at the present time began 
to take shape. The valley was drained off 
the Karewa lake and the mountains had by 
then attained somewhat their present eleva- 
tions; thus closing the valley to summer 
monsoons and bestowing on their tops more 
snows. The nature and old topography and 
soils of the early periods were destroyed, 
giving place to immature soils and new topo- 
graphy. This new topography was char- 
acterized by having tops with shallow soils; 
slopes and valley bottoms with soils formed 
of glacial deposits (gravels, detritus and 
morainic material) and the lake deposits. 
All these soils being newly laid and re- 
assorted were more fertile. As a result of 
these changed ecological conditions, the vege- 
tation of this period became dominated by 
conifers (mainly Abies and Pinus), and 
broad-leaved species of Juglans regia, Populus 
ciliata, P. nigra, Populus sp., Salix walli- 
chiana, S. denticulata, Salix spp., Aesculus 
indica, Prunus cornuta, Prunus cerasioides, 
Pyrus communis, Pyrus spp., Rose sp., Desmo- 
dium sp., Acer caestum, Acer spp., Carpinus 
sp., Betula sp. etc. (Puri, 1945a, 1945c, 
1945d, 1951). 

This vegetation of mixed conifer-broad- 
leaved plants occurs at the present time in 
the valley on the northern slopes of the Pir 
Panjal between the altitudes of 8,000 and 
10,000 ft. and some of the plants may ascend 
to 11,000 ft. 

Fourth Stage — The present vegetation of 
the Kashmir Valley and of the northern 
slopes of the Pir Panjal range is very much 
like the late Pleistocene vegetation sketched 
in the third stage above. The Karewa de- 
posits are dominated by Pinus excelsa com- 
munity, with poplars, cherries, willows, some 
maples, etc. On the glacial moraines, Abies 
webbiana community, mixed with broad- 
leaved trees of similar species, is predominant. 

Where the underlying rocks have come on 
the surface by erosion of the glacial moraines 
or the Karewa lake beds, the vegetation com- 
prises stunted trees of Abies webbiana, 
birches, dwarf junipers, willows, Rhodo- 
dendron campanulatum and small bushes 
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of herbaceous species ( Purı, 1947, 1948, 
1949a ) 

The present configuration of the Kashmir 
Valley thus dates back to the late Pleistocene 
period and evolution of its phyto-geography 
since the early Pleistocene has mainly been 
directed to cover the original monsoonic area 
into a non-monsoonic valley with a some- 
what temperate climate in a tropical region. 
The changes in the soil, geology and topo- 
graphy were brought about by the glaciation 
and the orogenic movements of the Hima- 


layas. The reconstruction of the progressive 
changes in the phyto-geographic evolution 
has been made possible by the study of 
macro-fossils discovered from these deposits. 
The work is, however, by no means complete 
and a study of the rich microflora embedded 
in these Karewa deposits would repay with 
very interesting results on the phyto-geo- 
graphy of this area. 

The author is thankful to Dr. R. N. 
Lakhanpal for hlep in preparing the manu- 
script of this paper for the press. 
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CONTRIBUTIONS TO OUR KNOWLEDGE OF THE DECCAN 
INTERTRAPPEAN FLORA 


A. R. RAO 
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ABSTRACT 


Some microsporocarps of Azolla intertrappea 
Sahni & Rao, H. S. and a dicotyledonous root 
found in a silicified block from the Deccan Inter- 
trappean beds ( Eocene ) are described. The silici- 
fied dicotyledonous root with secondary growth 
and pentarch primary xylem is referred to a new 
form genus Dicotylirhizos and put under a new 
species — D. sahnit. 


INTRODUCTION 


T HE late Professor B. Sahni in collabora- 
I tion with Professor B. P. Srivastava 
and Dr. H. 5. Rao studied the silicified 
plants in the Deccan Intertrappean beds 
and described a tertiary flora from these 
petrified blocks. Since then several workers 
have also been studying this petrified flora 
and many interesting new types have come 
to light. Recently I came across a silicified 
block from this very locality which, on sec- 
tioning, showed a number of plant fragments, 
like pieces of petrified wood that may be 
younger twigs of Dryoxylon mohgaoense Rode 
( 1936 ), sections of the ovaries of angiosper- 
mous flowers, stems and roots of different 
plants, sections of monocot leaves, detached 
seeds and bits of loose aerenchyma, etc. 
Most of these have been described, except a 
dicot root which is new to science. The pre- 
servation of these plant fragments is not very 
good and in places it is bad enough. Often 
the longitudinal sections do not show good 
preservation of tissues while transverse 
sections are a little more helpful. In the 
study of these sections staining with gentian 
violet ( aqueous ) proved very helpful. 
Among the numerous finds described by 
Sahni, Srivastava & Rao, specially interest- 
ing were the megasporocarps of Azolla inter- 
trappea ( 1934, p. 27 ), and detached massulae 
containing microspores and bearing anchor- 
tipped glochidia. They even mention that 
they found ‘leaves and more or less entire 
microsporocarps with their groups of spheri- 
cal sporangia”. They further concluded 
that all these belonged to one and the same 


species of plant. In 1941 Professor Sahni 
( 1941, p. 489) gave detailed description and 
illustrations of the megasporocarp of Azolla 
intertrappea, and mentioned the microspor- 
angia as being “ spherical, 205 x in average 
diameter, each with several sector shaped 
massulae armed with stiff anchor tipped 
glochidia all round’’. Sahni & Rao, H. 5. 
(1943, p. 52) describing the silicified flora 
from the intertrappean cherts found in 
Sausar in the Deccan, further illustrated 
the megasporocarps and microsporangia of 
Azolla intertrappea. The roots, leaves and 
microspores are also described and illustrat- 
ed. But for some reason or other the 
microsporocarps were not fully described 
although their occurrence was mentioned and 
also figured to some extent. Probably they 
were waiting for some good specimens to turn 
up in the blocks. Recently while examining 
the sections of the above-mentioned block 
of the Deccan intertrappean chert for an 
entirely different purpose I found a few 
microsporocarps which evidently belong to 
Azolla intertrappea. I thought that a brief 
description and illustration of these sporo- 
carps would not be uncalled for here. At 
least they would corroborate Professor Sahni’s 
description of these fossils. 

The microsporocarps were scattered in the 
matrix except in one case ( PL. 1, Fıc. 1) — 
perhaps a node — where there are above 
the sporocarp two slightly elongated bodies 
which might be two roots or two mega- 
sporocarps arising above the base of the 
sporocarp at the same node. Unfortunately 
this thin slab fractured into bits during the 
finer stages of grinding, thus leaving this 
point in doubt. The scattered sporocarps 
are 1-1:25 mm. in diameter, spherical in shape 
(PL. 1, Fic. 2). They may be sometimes 
compressed out of shape (Pr. 1, Fic. 3). 
There is a thin wall layer (w) which is 
highly compressed and is suggestive of being 
2 cells thick (Pr. 1, Fic. 4) and loose 
enough to follow the contours of the micro- 
sporangial mass. There are about twenty 
microsporangia in a transverse section of the 
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sporocarp. The stalk of the sporocarp is not 
visible. Each microsporangium is spherical 
in form (Pr. 1, Fic. 5), 200 x across its 
greatest breadth. About eight alveolar mas- 
sulae, roughly tetrahedral in form, fill the 
sporangium. Generally four or five of these 
are seen in sections ( Pr. 1, Fic. 6) and the 
massulae themselves are on the average 
50 x 57 broad and bear glochidia (gl) allround 
(Pr. 1, Fic. 7) as already observed by Sahni 
(1941, p. 499). The glochidia measure on 
the average 31 u in length and are less than a 
micron in thickness (gl) (Pr. 2, Fıc. 8), 
and are “ anchor tipped ? (Fic. 8a). As 
observed by Sahni & Rao the glochidium 
shaft is unseptate and tapers to a constric- 
tion below the anchor part. Spores could not 
be made out clearly except in one case where 
two of them lie embedded in the pseudo- 
cellular mass of the massulae. No other 
detail except the thin wall of the spore could 
be made out. 


DICOT ROOT 


Although a large number of monocot roots 
( particularly of palms ) have been found in 
tertiary deposits I do not think that many 
dicot roots have been described or recorded. 
There is, however, Edenoxylon parviareola- 
tum Kruse ( 1954, 9. 264), a dicot root with 
definite Sapindaceous affınity, described re- 
cently from the Eocene of Wyoming. In 
Boureau’s (1957) recent publication are 
listed a number of monocot and dicot roots 
which have been referred to the various 
families of Angiosperms. But from the 
Deccan traps themselves only a few fern roots 
and roots of palms have been described. So 
far as I am aware no dicotyledonous root has 
been recorded. It is, therefore, necessary 
that a dicot root found in these deposits 
should be described in full although it is only 
a transverse section of a well-preserved root. 
The root is about a millimetre in diameter 
(Pr. 2, Fic. 9). This section could not 
be traced either above or below in the serial 
sections of the petrified block, probably be- 
cause the root itself was fragmentary. The 
thin cortex is partly preserved and is sepa- 
rated at places from the stele evidently due 
to pressure. The stele is well preserved and 
shows both the primary and secondary 
xylem. The former is in the form of five 
exarch rays ( PL. 2, Fic. 10) with the proto- 
xylem (px) at the points of the rays. The 
secondary xylem is a compact cylinder with 


numerous large vessels (v) (Pr. 2, Fics. 
9, 10) which are large, angular, thin-walled, 
solitary or in radial series of 2-4, occasionally 
paired obliquely and unequally, tangential 
diameter up to 75 u. In some of the vessels 


(vl) the contents are represented by a black | 
Fibres are scarce, parenchyma thin- | 


stuff. 
walled and rather ‘ diffused ” in pattern 
( METCALFE & CHALK, 1950, p. 23). Med- 


ullary rays are generally one cell thick. © 


Their contents stain with gentian violet. 


The phloem is not preserved except in places | 


where it can be made out. The phloem 
was perhaps meagre and occurred in patches. 


A clear endodermal layer (end) with barrel- | 


shaped cells is seen (Pr. 2, Fic. 11) and 
at places the presence of Casparian strips is 
suggested. Below the endodermis are two 
or three layers of parenchyma which are 
large, angular, slightly thick-walled and 
which evidently are the pericycle (per). 
In this tissue can be seen embedded at the 
outer side of the phloem some thick-walled 
cells probably of pericyclic origin — obvious- 
ly the hard bast (kb). At places ( PL. 2, 
Fic. 12) can be seen thin-walled brick-shaped 
cells evidently the cambium. No periderm 
or secretory cells can be made out in the 
cortex. The pith is small in quantity and 
thin-walled. As already stated this was the 
only section available, and the details seen in 
longitudinal sections could not be observed. 
With such incomplete information it is not 
possible or wise to speculate about the 
affinities of the root beyond its being a dicoty- 
ledonous one. 

As stated above a number of monocot roots 
of palms, grasses, etc., and a few dicot 
roots have been described ( BouREAU, 1957) 
But these roots have either been found 
attached to their parent plants or show 
structural features which admit of their being 
identified with living families and genera. 
The root described in this paper cannot be 
identified with any of these for want of 
several important diagnostic characters. It 
should, I think, be for the present kept in a 
non-committal form genus. But so far as I 
am aware there does not seem to be any such 
genus. I, therefore, institute the form 
genus Dicotylirhizos for the reception of petri- 
fied dicotyledonous roots with uncertain 
affinities. The specific name is after my 
illustrious teacher who was responsible 
more than anybody else for elucidating 
be flora of the Deccan Intertrappean 
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DICOTYLIRHIZOS SAHNII GEN. ET 
SP. NOV. 


Diagnosis — Silicified dicot root about a 
mm. in diameter, with a thin cortex and well- 
preserved primary and secondary wood, pri- 
mary xylem in 5 exarch rays. Secondary 
xylem compact with numerous vessels which 


are large, solitary or in radial series or 
obliquely paired or unequal, tangential dia- 
meter 70-75 u. Medullary rays generally uni- 
seriate. 

I am grateful to Dr. K. R. Surange and 
Dr. Uttam Prakash for helpful criticism and 
loan of literature. 
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EXPLANATION OF PLATES 


All photographs are from untouched negatives. 


Azolla intertrappea Sahni & Rao 


inane al 


1. Photograph of a thin slab showing a transverse 
section through a (?) node showing a spherical 
microsporocarp and above it two cylindrical sheathed 
structures which might be the megasporocarps or 
roots. x 25. 

2. A partly compressed and ruptured microsporo- 
carp with slightly separated microsporangia. x 30. 

3. Another old microsporocarp with the micro- 
sporangia separated from each other. x 43. 

4. Peripheral part of the microsporocarp showing 
the sporocarp wall (w) and microsporangia. The 
individual massulae are clearly seen. x 210. 

5. A group of microsporangia cut at various 
planes and showing the tetrahedral massulae. 
The glochidia are seen as thin white streaks. 
125. 

6. A single microsporangium showing four tetra- 
hedral massulae. x 320. 

7. The space between three massulae showing 
the glochidia (gl) borne on the sides and in front 
of the massulae. x 400. 


PLATE 2 


8. A part of the space between three massulae 
magnified further to show the glochidia. x 610. 

8a. The glochidium showing the anchor tip. 
x 1400. 
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9. Transverse section of root showing c, cortex; 
st, stele; with ०, large vessels, some of which (vl) 
contain some black substance. x 99. 

10. The central part of the stele showing the five 
primary exarch xylem rays and the secondary 
wood; px, protoxylem; mx, metaxylem; v, vessel; 
par, parenchyma. X 356. 

11. The peripheral part of secondary wood en- 
larged to show v, vessels; 7, uniseriate rays; ph, 
phloem; per, pericycle; hb., lignified cells of pericycle 
or hard bast; end, barrel-shaped cells of endodermis. 
x 277. 

12. Peripheral part of secondary wood showing 
thin-walled, brick-shaped cells probably the cam- 
bium (camb). x 265. 


THINNFELDIA CHUNAKHALENSIS SP. NOV. FROM THE 
JURASSIC OF THE RAJMAHAL HILLS, BIDAR 


S. €. D SAH & SUKE DEV 


Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


A new species of Thinnfeldia Ett., from Chuna- 
khal, Rajmahal Hills, Bihar, has been described. 
The pinnules are characterized by their ovate- 
elongate form, slightly decurrent base, and a promi- 
nent straight midrib giving off lateral veins which 
are usually forked more than once. 


INTRODUCTION 


IF HE only species, so far known, of 
I Thinnfeldia from the Jurassic rocks of 
the Rajmahal Hills is T. indica. 
Under this species Feistmantel ( 1877 ) also 
included the forms previously referred by 
Morris (OLDHAM & Morris, 1863, PL. 27, 
Fic. 2) as Pecopteris (?) salicifolia. The 
other known Jurassic species from India are 
T. subtrigona Feistm. and Thinnfeldia sp. 
from Vemavaram and Sripermatur res- 
pectively. Both these species from Madras 
Coast along with 1. odontopteroides ( Morr.) 
Feistm. from Ramkola Coalfield and Parsora 
were later described by Antevs ( 1914, p. 55) 
under Dicroidium odontopteroides ( Morr.) 
Gothan. Apart from these only two other 
species, viz. Thinnfeldia hughesi ( Feistm.) 
Seward and 7. sahnii Sew., are known from 
the Triassic rocks of Parsora. 

The specimens described in this paper 
were collected by one of us (Sau, 1955) 
near the village Chunakhal ( 25°13’30”N.; 
87°29'52"E. ), about 3 miles south of Mirza- 
chowki railway station, Rajmahal Hills, 
Bihar. A few yards east of the village 
Chunakhal two well-marked intertrappean 
beds are exposed at the base of the Chuna- 
khal Hill. The lower intertrappean bed is 
formed of hard porcellanoid shale, greyish in 
colour, while the upper bed is of soft compact 
shale, whitish grey in colour. The present 
specimens were collected from the upper 
intertrappean bed and all of them were 
found preserved as mere impressions, usually 
stained yellow. 

The specific name is given after the locality 
from where these specimens were collected. 

Diagnosis — Fronds imparipinnate, rachis 
stout; pinnules alternate, nearly sub-oppo- 


w 
Lo] 


site, widely spaced, broadly ovate to ovate- 
elongate, margin entire, apex acute or slightly 
rounded, base narrow, lower margin some- ||| 
times slightly decurrent; venation aletho- 
pteroid, mid-rib prominent, originating with- 
out any curvature and persisting nearly to | 
the apex; secondary veins numerous, giving | 
off slightly arched and mostly twice-forked 
lateral veins; terminal pinnule ovate-acu- |} 
minate, broad at the base and tapering to a |} 
pointed apex. 

Holotype — B.S.I.P. No. 24469. 

Paratype — B.S.I.P. Nos. 24470, 24471. 

Locality — Chunakhal, Rajmahal Hills, 
Bihar. 


DESCRIPTION 
Thinnfeldia chunakhalensis sp. nov. 


Text-fig. 1, A-D 
In all ten fragmentary specimens were col- 
lected. In none of them the basal region is 
preserved. Therefore, reconstruction of the 
entire frond is not possible. Most of these 
are characterized by broadly ovate pinnules 
with somewhat rounded apex, but in one of 
them (TExT-FIG. 1, C-D), the apex of the 
terminal pinnule appears to be broadly 
rounded and slightly notched. The impres- 
sion is faint at this region and, therefore, 
this feature cannot be correctly ascertained. 


DISCUSSION 


The pinnules of the Chunakhal specimens 
appear to be quite distinct in their form, 
venation and mode of attachment from any 
of the so far known species of Thinnfeldia. 

Thinnfeldia indica Feistm. shows a super- 
ficial resemblance with our specimens only 
in their general form. The pinnules of T. 
indica are characterized by their rhomboid- 
lanceolate shape, acuminate apex, sinuate 
margins and a comparatively more decurrent 
base, whereas in T. chunakhalensis the pin- 
nules are shorter and broader. Again the 
two specimens can be distinguished by their 
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Text-Fic. | —Thinnfeldia chunakhalensis sp. nov. 
pinnules. B.S.I.P. 


No. 24469. x 1. 
No. 24470. x 1. 
B.S.I.P. No. 24471. 


No. 24471. x 1. 


venation. While the midrib in 7. indica is 
feebly marked and arched at the base 


(FEISTMANTEL, 1877; PL. 39, Fic. 1, p. 35), it 
is straight and strongly marked in our speci- 
mens. The secondary veins in the former 
are fewer and singly forked whereas in 


our species they are numerous and forked 
twice. 


DEV — THINNFELDIA CHUNAKHALENSIS SP. NOV. 


A, a frond showing the decurrent habit of the 


B, another frond showing ovate-elongate pinnules. B.S.I.P. 
C, a frond showing the terminal pinnule with narrow base and broad obtuse apex. 
x 2 


D, a terminal pinnule of a frond showing the form and venation. B.S.I.P. 


The Chunakhal species shows some re- 
semblance with 7. hughes: ( Feistm.) Sew. 
in the general habit of the frond. 4. hughest, 
however, markedly differs in the much larger 
size of its fronds and in their leathery ap- 
pearance. Moreover, the pinnule bases in 
T. hughesi are broad and the secondary veins 
mostly singly forked while in our specimens 
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the pinnule bases are much narrower and 
the secondary veins mostly twice-forked. 
Thinnfeldia odontopteroides ( Morr.) Feistm. 
differs from our species chiefly in possessing 
ovate and smaller pinnules and also in having 
odontopteroid venation. T. sahni Sew. 
(1932) is characterized by its thick, finely 
tuberculate and short pinnules, attached 
to the rachis by a broad base. The vena- 
tion of T. sahnii is also quite distinct 
from ourl specimens, mostly being without 
a midrib and possessing spreading forked 
veins, 

Among the foreign species, the Chunakhal 
specimens show some resemblance with the 
fronds of 7. lancifolia Morr. described by 


Du Toit (1927, pp. 332-334) from the 
Molteno beds of South Africa, especially in 
the twice-forking nature of the secondary 
veins, but T. lancifolia differs essentially in 
having pinnules with a broad base and an 
inconspicuous midrib. 

The pinnules of the present collection show 
resemblance to some extent with 7. con- 
stricta Halle ( 1913, p. 45, Fic. 10, 9-० ) from 


Graham Land, in their mode of insertion and | 
However, both | 


possessing a narrow base. 
the species can be easily distinguished as 
T. constricta is characterized by its narrowly 
lanceolate and often rhomboid pinnules with 
comparatively fewer, straight and singly 
forked veins. 


REFERENCES 


ANTEVS, E. (1914). 
Ett. und Dicroidium 
Vetensk. Hand. 51(6). 

Du Lor, eA Le (1927); 


Die Gattungen Thinnfeldia 
Goth. Kungl. Svenska 


The Fossil Flora of the 
Upper Karroo Beds. Ann. S. Afr. Mus. 22(2). 

FEISTMANTEL, O. (1877). Jurassic ( Liassic ) Flora 
of the Rajmahal Group in the Rajmahal Hills. 
Mem. Geol. Surv. India. Pal. Ind. 1(2). 

Idem (1879). Upper Gondwana Flora of the 
Outliers on the Madras Coast. Ibid. 1(4). 

Idem (1881). The Flora of the Damuda-Panchet 
Divisions. Ibid. 3(3). 


Idem (1882). The Fossil Flora of the South 
Rewah Gondwana Basin. Ibid. 4(1). 

HALLE, T. G. (1913). The Mesozoic Flora of 
Graham Land. Wissensch. Ergebnisse d. 
Schwedischen Südpolar-Expedition. 1901-1903. 
3(14). 

OLDHAM, T. & Morris, J. (1863). Fossil Flora of 
the Rajmahal Series in the Rajmahal Hills. 
Mem. Geol. Surv. India. Pal. Ind. 1(1). 

SEWARD, A.C. (1932). On some Fossil Plants from 
the Parsora Stage, Rewa. Rec. Geol. Surv. 
India. 66(2): 235-243. 


PHYTOCRENE MICROCARPA — A NEW SPECIES OF 
ICACINACEAE BASED ON CRETACEOUS FRUITS FROM 
KREISCHERVILLE, NEW YORK 
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U.S. Geological Survey, Denver, Colorado, and Botanical Museum & Department of Biology, 
Harvard University 


ABSTRACT 


Fossil dicotyledonous fruits from the lower 
Upper Cretaceous Raritan formation at Kreischer- 
ville, New York, are indentified as the endocarps 
of Phytocrene Wall. (tribe Phytocreneae, Icacina- 
6९०९ ). Modern species of Phytocrene are climbing 
vines from tropical Asia and Africa. The Raritan 
species here described as P. microcarpa n. sp. is 
the first Cretaceous record of the genus, which 
has also been identified from fossil leaves of Eocene 
age in California. The fossil endocarps of P. 
microcarpa constitute one of the common Mesozoic 
occurrences of reproductive structures referable to a 
modern genus of the angiosperms. 


INTRODUCTION 


left by the late Professor E. C. Jeffrey 

in the palaeobotanical collections of 
Harvard University are a number of lignitic 
dicotyledonous fruits from the Cretaceous 
Raritan formation at Kreischerville, Staten 
Island, New York. Some of these fruits are 
referable to Phytocrene Wall., a modern 
genus in the tribe Phytocreneae of the family 
Icacinaceae. The Kreischerville fossils, con- 
stituting one of the rare examples of deter- 
minable angiosperm fruits from the Mesozoic, 
furnish the oldest geologic record of the tribe 
and the earliest evidence of its existence in 
the New World. 

The lignitic deposits in the vicinity of 
Kreischerville, located in the south-western 
part of Staten Island, were first noted in 
1837 ( HoLLICK & JEFFREY, 1909 ); however, 
they were not studied in detail until some 
40 years later. Between the years 1881 and 
1909 a series of publications, reviewed by 
Hollick & Jeffrey ( 1909), deal with various 
aspects of the geology and palaeobotany of 
the plant-bearing beds. 

Both floral and lithologic similarities serve 
to establish the correlation of beds on the 


A MONG the undescribed fossil plants 


south and west parts of Staten Island, in- 
cluding those at Kreischerville, with strata 
of the Raritan formation in nearby New 
Jersey ( HorLıck, 1906). The Raritan for- 
mation in New Jersey contains an extensive 
flora, predominantly dicotyledonous, which 
was described by Newberry (1895) and 
Berry (1911). Berry considered the flora 
to be Cenomanian (early Late Cretaceous ) 
in age. Spangler & Peterson (1950) con- 
sider that the Raritan formation of New 
Jersey is both Early and Late Cretaceous in 
age, correlating in part with the Potomac 
group of Maryland and Delaware. This 
interpretation has been refuted by Dorf 
(1952), who, after reviewing the floral and 
faunal evidence, reaffirms the assignment 
of the Raritan formation to the early Late 
Cretaceous. 

The plants at Kreischerville occur as lenses 
of lignitic material interbedded with layers of 
crossbedded sand and clay (Horrick & 
JEFFREY, 1909). The remains, representing 
both gymnosperms and angiosperms, include 
charred and lignitic wood, twigs, bark, cones 
and cone scales, amber, fruits, and leaves and 
leaf impressions. 

The collection of dicotyledonous fruits 
from which the Phytocrene endocarps were 
obtained was labelled by Jeffrey as being 
from Kreischerville, but no exact locality 
was recorded. The statement of Hollick & 
Jeffrey (1909, p. 7) that “...the finer 
material and nearly all the leaves and leaf 
impressions were obtained... in the Andro- 
vette pit ”, indicates the probable origin of 
the material at hand. Presumably the fruits 
were collected by Hollick & Jeffrey along with 
the coniferous material described by them 
in their monograph of the coniferous remains 
(1909). The topographic map of the Staten 
Island quadrangle accompanying U.S. Geo- 
logical Survey Folio No. 83 ( MERRILL et al., 


1. Publication authorized by the Director, U.S. Geological Survey. 
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1902 ) shows three clay pits immediately ad- 
jacent to Kreischerville. We have not been 
able to determine which of them was the 
Androvette pit. 

In addition to the one described here, 
there are species representing several other 
genera among the 200-odd specimens con- 
stituting the collection of fruits. Most of 
the unidentified fruits are capsules. All of 
the specimens are black and appear carboni- 
zed although some cellular detail is pre- 
served (Pr. 1, Fic. 1). The black appear- 
ance may be original, or, more probably, 
it resulted from the preparatory treatment 
with dilute alkali described by Hollick & 
Jeffrey (1909). The untreated, dried, lig- 
nitic wood from the deposit is cinnamon 
brown in colour. 


FAMILY ICACINACEAE 
Tribe Phytocreneae Engler 
Genus Phytocrene Wall. 


P. microcarpa n. sp. 
Pl. 1, Figs. 1-3 


Diagnosis — Endocarp small, bilaterally 
symmetrical, length 3-9 to 10-5 mm., maxi- 
mum width 2-8 to 7:0 mm., thickness 1-5 to 
2-5 mm., somewhat flattened by compression ; 
outline in the plane of dehiscence irregularly 
oval to subtriangular. Endocarp wall rela- 
tively thick, bearing numerous ( 40-100 ) 
irregularly arranged pits on the exterior 
surface of each side, diameter of pits varying 
from 0-3 to 0-5 mm.; inner surface bearing 
low, rounded protuberances that are the 
closed inner terminations of the pits. 

Seed solitary, conforming to the shape of 
the locule with concavities corresponding to 
the protuberances of the endocarp. Testa 
as seen in surface view composed of square 
to rectangular cells, the latter with their long 
sides parallel. 

Locality — Androvette Pit, Kreischerville, 
New York. 

Geologic Occurrence — Raritan formation, 
lower Upper Cretaceous. 

Collectors — A. Hollick and E. C. Jeffrey, 
circ. 1904. 

Material — 8 lignitized endocarps. 

Holotype — Palaeobotanical Collections, 
Harvard University, No. 52809. 

All of the specimens of Phytocrene micro- 
carpa seem to have been somewhat flattened 


by compression following deposition. How- 

ever, the compressive forces involved could | 
not have been great, for most of the capsules | 
and seeds occurring in the same sediments | 
with P. microcarpa do not seem to have | 
been affected. The lignitized endocarps are | 
fragile, and broken specimens reveal the | 
internal structure of the endocarp wall and 


the nature of the seed. Remains of the | 
seed coat were recovered from one broken | 
microscopic |} 


endocarp and mounted for 


study. 


AFFINITIES AND DISCUSSION 


The tribe Phytocreneae includes five extant 
genera ( BAILEY & Howarp, 19419 ). The 
unilocular endocarps of these genera are 
distinctive in the possession of numerous 
straight canals in their walls. These canals, 
which are perpendicular to the surface of the 
endocarp, form the pits visible upon its 
exterior. The canals, open at their exterior 
ends, are closed internally by an inner layer 
of the endocarp wall. This inner layer may 
be modified at the bases of the canals into 
mounds or protuberances extending into the 
locule. 

Distinctive patterns in the arrangement 
of the external pits and the shape and size 
of the internal protuberances have been 
found by Reid & Chandler (1933) and by us 
in each of the genera of the tribe. In the 
thick-walled endocarp of Phytocrene Wall. 
the protuberances consist only of low mounds 
or they may not be developed in some species. 
The thinner-walled endocarp of Chlamy- 
docarya Baill. has prominent vertical-sided 
protuberances which are elongate longi- 
tudinally and are arranged in irregular longi- 
tudinal rows. The protuberances of Miquelia 
Meissn. are conical; in Polycephalium Engl. 
irregular rows of circular protuberances 
occur on low mounds. Pyrenocantha Wight 
shows the most variation among its species; 
numerous fine protuberances are most com- 
mon although larger cylindrical and conical 
protuberances occur. If, during fossiliza- 
tion, endocarps of the Phytocreneae are filled 
with mineral matter, the resulting locule 
casts preserve a negative image of the pro- 
tuberances ( PL. 1, Fic. 5 ) 

Two extinct genera of the Phytocreneae 
have been established, both from pyritized 
but structurally preserved fruits and locule 
casts found in the Lower Eocene London 
Clay formation of England (REID & 
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CHANDLER, 1933). In the genus Palaeo- 
phytocrene Reid & Chandler, represented in 
the London Clay flora by two species, the 
closed inner ends of the pits form parallel- 
sided protuberances extending into the 
locule ( PL. 1, Fıcs. 4, 5). Reid & Chandler 
(p. 334) consider “...that the characters 
of the fossils are not now combined in 
any one living genus, but are distributed 
among the three Phytrocrene Wall., Miquelia 
Meissn., and Chlamydocarya Baill.’. Three 
species of Palaeophytocrene, including the 
London Clay species P. foveolata Reid & 
Chandler, have been described from the 
Eocene Clarno formation of Oregon ( SCOTT, 
M 1954 ). 

The second genus, Stizocarya Reid & 
Chandler, also is represented in the London 
Clay flora by two species. The small ( 7-5- 
14-5 mm. long ) ovoid endocarps of this genus 
contain numerous fine canals which terminate 
in an inner layer of the endocarp wall without 
producing protuberances. Reid & Chandler 
regard this genus as intermediate between 
Pyrenocantha and Phytocrene. 

The structure of the Kreischerville endo- 
carps is more like that of Phytocrene than 
any of the other genera in the tribe. In all 
of the modern genera except Phytocrene, and 
in the extinct Palaeophytocrene, the pro- 
tuberances, although varying in size, shape 
and arrangement, form elongate extensions 
into the locule (Pr. 1, Fıc. 4). In con- 
trast the locule lining of the extinct Stizo- 
carya is smooth. Only in certain species of 
Phytocrene do the canals terminate in low 
mounds like those of the Kreischerville fossils 
Br. 1. Fic. 3): 

Observable differences between modern 
species of Phytocrene and the Kreischerville 
fossils are limited to the shape and size of 
their endocarps. The endocarps of modern 
species are ovoid or elongate-ovoid, not sub- 
triangular as is the tendency among’ the 
fossil specimens ( PL. 1, Fic. 1). The extant 
species about which we have information 
possess relatively large endocarps which are 
not smaller than about 15 to 20 mm. in 
length. Thus, the fruits of the smallest 
modern species known to us are about 2 to 
3 times as large as the largest fossil endocarp. 
However, a considerable size range exists 
among the modern species of Phytocrene 
and an even greater range in relative 
sizes exists among the species of the ex- 
tinct Palaeophytocrene ( SCOTT, unpublished 
data ). 


Since size and shape of the endocarps are 
much less reliable generic criteria in the tribe 
Phytocreneae than is the structure of the 
protuberances, the evidence indicates that 
these fossil endocarps represent the genus 
Phytocrene. We regard the variability in 
number and diameter of the pits on the 
fossil endocarps as intraspecific rather than 
as a basis for segregating an additional 
species. 

The only previous fossil record of the genus 
consists of leaves, Phytocrene sordida (Lesque- 
reux) MacGinitie, from the Middle Eocene 
Chalk Bluffs flora of California described by 
MacGinitie (1941). The family Icacinaceae 
is represented in the Upper Cretaceous of 
Egypt by fruits referred to the form genus 
Icacinicarya Reid & Chandler by Chandler 
(ol 9545); 

Modern members of the tribe Phytocreneae 
are tropical lianas growing in Africa and 
south-east Asia. Living species of Phytocrene 
are native to Indo-Malaya, the Philippines, 
Borneo and the Celebes, although the two 
fossil species were found in eastern and 
western United States. MacGi nitie (1941) 
considers that P. sordida is a member of a 
group of ancient Palaeotropical genera and 
species including such forms as Artocarpus, 
Cercidiphyllum, Cinnamomum and Mallotus. 
These genera, all present in the Chalk Bluffs 
flora, are thought to represent survivors of 
older, Late Cretaceous and Paloeocene species 
from the Rocky Mountain province. The 
Kreischerville fruits confirm that Phyto- 
crene, although not known from the Rocky 
Mountain region, indeed was a member 
of a cosmopolitan Cretaceous flora in the 
New World. Presumably, its elimination 
from the flora of the New World was 
related to climatic deterioration during the 
Tertiary. 

The existence of Phytocrene in the Cre- 
taceous is of great interest in view of the 
advanced evolutionary position of the genus 
in the family. The investigations of Bailey 
& Howard ( 19419, b, ०, d) have shown that 
anatomically the tribe Phytocreneae is a 
highly evolved assemblage of the Icacinaceae, 
exhibiting structural specializations correlat- 
ed with their scandent habit of growth. 
The Cretaceous record of Phytocrene is an 
addition to the growing body of evidence 
indicating that the major evolutionary ad- 
vances in the structural specialization of 
dicotyledonous plants took place early in 
their geologic history. 
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EXPLANATION OF PLATE 1 


1. Phytocrene microcarpa Scott & Barghoorn n.sp. 
Lateral view of the endocarp. Note the subtri- 
angular shape and the canal openings. Holotype 
De 
2. P. microcarpa. A smaller endocarp with 
fewer, relatively larger canals. x 10. 

3. P. microcarpa. Portion of a broken endocarp 
showing the inner surface. Note the low mounds 
which are the closed inner ends of the canals. 
x 15. 


4. Palaeophytocrene hancockii KR. A. Scott. A 
transversely cut endocarp with its locule filled by 
calcite. Note the prominent, straight-sided protu- 
berances extending into the locule. x 1. 

5. P. foveolata Reid & Chandler. Lateral view of 
a locule showing the cavities produced by the 
protuberances which extended into the locule. 
Most of the canals contain the volcanic ash in 
which the specimen was buried, producing the 
white fillings visible in the photograph. x 2. 
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SLUDIES IN THE: GLOSSOPTERIS FLORA OF INDIA = 
8. STEREOCARPUS EMARGINATUS GEN. ET SP. NOV.—A SEED 
FROM THE LOWER GONDWANA OF INDIA 


K. R. SURANGE 


Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


A new type of seed, wingless, thick with radial 
symmetry is described from the Raniganj Series of 
the Lower Gondwanas of India. A new name, 
Stereocarpus emarginatus, has been proposed for the 


same. 
S Lower Gondwanas belong either to 
Cordaicarpus or Samarcpsis. Several 
species of the later genus are known (SEWARD, 
1917; ARBER, 1905; SEWARD & SAHNI, 
1920) whereas the seeds with a narrow 
border are very few. The present seed is 
represented by two specimens preserved on 
the same piece of shale No. 19512 and col- 
lected from the New Kenda Colliery in the 
Raniganj coalfield. Both the specimens 
possessed a thick carbonized crust suitable 
for cuticular study. Incomplete specimens 
of this seed are also present on other pieces 
of shales in the collection. 


EED types which are known from the 


DESCRIPTION 


The seed is very thick, seed impression 
deeply convex on the shale, almond-shap- 
ed (Pr. 1, Fics. 1, 3) or slightly more 
elongated (Pr. 1, Fics. 2, 4) with pointed 
apex. It is of medium size, about 1:5 cm. 
long and 1 cm. broad at the broadest part. 
Margin or wing absent. The base of the 
seed could not be seen clearly, most probably 
it is broadly rounded. On the middle part 
of the surface of the seed two to three, not 
very prominent ribs are seen running parallel 
to each other from the base to the apex. 

The carbonized crust on the seed was 
thick. When it was removed gently by a 
needle, it revealed a thin black layer under 
the thick outer crust. Cellulose pulls were 
taken which removed both these layers. 
When these were macerated two cuticular 
layers were obtained. 

The outer seed coat ( sarcotesta ? ) is thick. 
The epidermal cells are thickened, elongated 
and arranged somewhat end to end. The 
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cells vary in shape and size and also in the 
thickness of the walls ( PL. 1, Fics. 5, 6) 

In the portion of the cuticle which overlies 
the ridges, the cell walls are extremely thick 
( Pr. 1, Fic. 7), sometimes to such an extent 
that it is difficult to make out the outlines 
of the epidermal cells. The epidermal cells 
in this region are also rectangular, but many 
of them show additional thickened cross bars 
joining two longer walls of the cell, so that it 
becomes difficult to make out the real trans- 
verse walls of the cell. The epidermal cells 
adjoining this thickened zone are less thick 
and vary in shape and size. 

This outer seed coat must have been many- 
layered. After treatment of the carbonized 
crust with the acid this coat remained thick. 
But when alkali was added, the cuticular 
layer separated from the rest of the tissue 
which was dissolved. 

The second layer of cuticle ( sclerotesta ? ) 
is very thin. This is the one which came out 
from the inner thin black layer on the seed. 
The cell walls are faintly marked and could 
be seen to some extent after staining. Cells 
are elongated with straight, slightly but uni- 
formly thickened walls. 


Stereocarpus Gen. nov. 


Diagnosis — Thick radiosymmetrical seed 
of medium size, oval to oblong, without wing 
or margin. A few ribs on the surface from 
base to apex. 


Stereocarpus emarginatus sp. nov. 


Diagnosis — Thick, almond-shaped seed 
of medium size with acute apex. Margin 
or wing absent. Two to three longitudinal 
ribs from base to apex present in the middle 
region of the seed. Outer seed coat thick; 
epidermal cells longer than broad, very much 
thickened. Inner seed coat thin, epidermal 
cells similar to those of the outer seed coat, 
but thinner. 

Type specimen No. 19512, Birbal Sahni 
Institute of Palaeobotany Museum, 
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DISCUSSION 

Cordaicarpus is distinguished by the pre- 
sence of a cordate base and a narrow margin 
Samaropsis possesses a very well-defined 
margin or a wing. Both the seeds are bi- 
lateral and are preserved as flat impressions 
or casts. The present specimen is obviously 
a thick type of seed, radially symmetrical 
quite distinct in appearance from the above 
two genera, Cordaicarpus and Samaropsis 
It does not possess a wing and the ribs which 
are present here are unknown in Cordaicar- 
pus and Samaropsis. Nummulospermum bo- 
wenense is another platyspermic seed describ- 
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EXPLANATION OF PLATE 1 


1 & 2. Two seeds on a carbonaceous shale No. 
19512. Nat. size. 

3 & 4. The same seeds enlarged. Note the ribs 
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5. Epidermal cells of the outer seed coat. Thick 
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ed by Walkom (1921) from Queensland, 
Australia. It differs from Stereocarpus emar- | 
ginatus by possessing a broad wing ( sarco- | 
testa), a circular nucule with prominent | 
beak and absence of any ribs. | 

As regards other Palaeozoic seeds, a| 
number of which are well known ( SEWARD, | 
1917), Stereocarpus emarginatus is not com- | 
parable to any one of them | 

This type of seed, as far as I know, has not | 
been reported before from the southern. 
hemisphere and the characters of the seed | 
appear to be sufficiently distinctive as to! 
warrant a separate generic name. | 


wana plants — A revision. Mem. Geol. Surv. India. 
13. 7101, 

WALKOoM, A. B. (1921). On Nummulospermum gen. 
nov., the probable megasporangium of Glossop- 
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7. Thick cells over the ribs. x 100. 
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STUDIES ON THE FOSSIL FLORA OF NIPANIA (RAJMAHAL 
SERIES), INDIA — PENTOXYLEAE 


VISHNU-MITTRE 
Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


The paper describes several new anatomical 
details regarding the vegetative remains of the 
Pentoxyleae. 

In the genus Pentoxylon Srivastava stems possess- 
ing more ( 8-9 ) or less ( 3-4) than the usual number 
of the steles are described. Besides the scalariform 
pitting, bi- and multiseriate medullary rays 
characters not known before — are also described. 
The genus has been diagnosed for the first time. 

The apical region of a dwarf shoot of Pentoxylon 
sahnii is described. है 

The genus Nipaniophyllum Sahni is reinvestigated 
and consequently the diagnosis of both the genus 
and the species N. raoi Sahni emended. The sto- 
mata in the genus are shown to be non-bennettita- 
lean in nature. 

The stems of Nipanioxylon guptai Sriv. are des- 
cribed. 

In the light of new information along with the 
previously known facts it is shown that the Pento- 
xyleae is not a synthetic group and belongs to the 
Cycadophyta. It is the most primitive group 
amongst the cycadophytes and should rank with 
the Bennettitales and the Cycadales. 


INTRODUCTION 


1% HE Pentoxyleae, a new group of 

I extinct plants, was instituted by the 

late Professor Sahni in 1948 from the 
material from the Nipania chert. 

A preliminary account of the anatomy of 
the leaves then known as Taeniopteris spa- 
tulata was first published by Professor Sahni 
in 1932. Later Rao (1935, 1943) investigated 
the anatomy of the leaves of T. spatulata 
which in the year 1948 were assigned a new 
name Nipaniophyllum raoi by Professor 
Sahni. The two stem genera, Pentoxylon and 
Nipanioxylon, were first established by Srivas- 
tava (1935, 1937, 1946) who described the 
anatomy of Pentoxylon sahni Srivastava in 
details but wrote a brief diagnosis of Nipa- 
nioxylon guptai Srivastava. Srivastava (loc. 
cit.) also instituted the genus Carnoconites 
for the seed cones of the group and described 
two species, C. compactum Srivastava and 
C. laxum Srivastava. Professor Sahni (1948) 
included the above organ genera, e.g. 
Nipaniophyllum Sahni, Pentoxylon Srivas- 
tava, Nipanioxylon Srivastava and Carno- 
conites Srivastava in Pentoxyleae. He also 
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reconstructed the plant Pentoxylon sahnii 
Srivastava which bore leaves known as 
Nipaniophyllum raot Sahni and the seed cones 
called Carnoconites compactum Srivastava. 
Professor Sahni also showed that the group 
Pentoxyleae possesses synthetic affinities 
(SAHNI, 1948, p. 79) since it shows affi- 
nities with conifers on the one hand and 
Bennettitales on the other. 

Further contributions to our knowledge 
of the genus Carnoconites Srivastava were 
made in 1953 and in the same year the male 
cones of Pentoxyleae under the name Sahnia 
nipaniensis Vishnu-Mittre were described 
( VISHNU-MITTRE, 1953, 1953a). The cones 
were shown to be borne on the dwarf shoots 
of P. sahnit Srivastava. Recently Shukla 
(1957) has reported another species of 
Pentoxylon, P. tetraxyloides Shukla. 

The present paper describes some more 
newly discovered anatomical features in the 
vegetative remains of the Pentoxyleae. 

The observations embodied in this paper 
were made from the fresh collections of the 
material of chert from Nipania by the author 
in 1953 and 1954. The slides and the speci- 
mens are preserved in the Museum of Birbal 
Sahni Institute of Palaeobotany. My thanks 
are due to Dr. K. R. Surange for kindly going 
through the manuscript. 


DESCRIPTION 
A. STEMS 


1. Genus Pentoxylon Srivastava 
Pls. 1, 2, Figs. 1-13; Text-figs. 1-7 


So far a single species of the genus Pento- 
xylon sahnii is known which is characterized 
by five to six eccentric steles arranged in the 
ground tissue. In 1948 Professor Sahni, while 
instituting the group Pentoxyleae, mostly 
depending upon Srivastava’s account, further 
described the species and discussed its affı- 
nities. Though the genus has been known 
since 1935 the diagnosis of neither the genus 
nor the genotype or the species has been 
published. The petrified stems of Pentoxylon 
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have also been reported from Amarjola in 
the Rajmahal Hills by Bose ( 1952). During 
a study of recently discovered stems of 
Pentoxylon, some more interesting anatomical 
details are noted. These new observations 
are described below. 

Size of Pentoxylon Stems — Srivastava’s 
account only gives the diameter of the stems 
of Pentoxylon. Some of my specimens, 
larger than those of Srivastava, show a great 
range in diameter which is from 3 to 20 mm. 
The stems from Amrapara are slightly larger 
in diameter. In length the specimens 
measure from a few mm. to 150 mm. The 
younger stems are + circular in diameter 
while the larger stems are slightly flattened 
or oval in shape — perhaps due to preser- 
vation. 

Periderm-like Tissue in the Cortex — In 
some stems the cortex is seen lined internally 
by a few to several-layered tissue, the short 
and rectangular cells containing some black 
deposits of which are seen arranged in radial 
rows. The whole tissue looks very much 
like the periderm, but since the preservation 
is not good nothing definite can be said. 

Number of Steles — As the name signifies, 
typical Pentoxylon stems are known to have 
five equally developed steles (SRIVASTAVA, 
loc. cit., p. 196). Stems with six steles are 
also included in the genotype P. sahnii 
Srivastava, but Srivastava ( 1946) considers 
such stems as variations from the normal 
type. Besides the specimens resembling a 
typical Pentoxylon stem, there are some stems 
in my collection which show a range from 
three to nine steles. Since all these stems 
show the eccentric and lop-sided growth of 
the steles, abundant sclerotid nests in the 
ground tissue, narrow pith and similar 
tracheidal pitting as described in Pentoxylon 
sahnii Srivastava, they are all included in 
the genus Pentoxylon. 

Stems with Five Steles — A stem, about 
15 cm. long, 1-8 cm. in diam. at one, probably 
lower, end and 1-4 cm. in diam. at the other, 
probably upper, shows five steles. Two of 
the steles are larger, of more or less equal size 
as compared to the three small ones. This 
unequal nature of the five steles is noted 
throughout the length of this stem and no 
branching was observed. 

Another specimen, about 8 mm. long with 
five unequal steles, shows three large and two 
small steles. The specimen is more or less 
ovoid in shape and measures 4X3 mm. in 
SIZE, 


| 
| 
| 
| 


Stems with Six Steles — They are as} 
described by Srivastava. An interesting | 
case of a stem with six steles measuring about | 
2 cm. in length showed a range in the number | 
of steles from three to six. At the com- 
paratively narrower end, 0:7x0-8 cm., it | 
showed six equally developed steles ( TEXT- | 
FIG. 1A). At the broader end, about 1:5X1\ 
cm., it showed only three steles ( TEXT-FIG. | 
1G). The change in the number of steles | 
was studied in serial sections. N 

About 1 cm. below the narrow end showing | 
six equal steles, numbered 1-6 in Text-fig. 1A, | 
the steles 3, 4 and 5 remain normal while | 
the steles 2 and 6 have begun fusing with | 
stele 1 (TEXT-FIG. 1B). During this process | 
of fusion each stele opens at its lenticular 
region and forms two lobes which meet | 
the corresponding two lobes of the other | 
stele with the result that the ground tissues 
of the lenticular region of the two steles | 
merge with one another and by further 
fusion and contraction of the lobes a single 
lenticular region is produced and the fusing. 
bundles assume the normal form of a single 
stele. This is clearly demonstrated by the 
behaviour of the steles 1, 2 and 6 in Text-fig. 
19000 5 19: | 

Text-fig. 1C shows a section of the stem 
4 mm. below the section shown in Text-fig. 
1B. This shows that the steles 4 and 5 have 
begun to fuse with one another. Stele 5 
shows an additional lobe formed towards the 
stele 6. Steles 1, 2 and 6 complete their 
fusion about 3 to 4 mm. below this section 
( TEXT-FIG. 1D ) while steles 4 and 5 are still 
undergoing fusion. About 3 mm. below this | 
region ( TEXT-FIG. 1E) steles 1, 2 and 6 are 
now represented by one stele which is no 
longer eccentric like a typical Pentoxylon | 
stele. Steles 4 and 5 also assume the same 
form. The stele 3 in this interval has not 
fused with any of these steles but has changed | 
its orientation and has lost its eccentricity. | 
During this interval one more stele marked 
“a appears in the cortex which about 2 mm. | 
below appears to fuse with stele 3 and be- 
comes concentric (Pr. 1, Fic. 1; TEXT-FIG. | 
IF). The single stele formed by the fusion | 
of steles 1, 2 and 6 becomes three-lobed and | 
ultimately concentric ( TEXT-FIG. IF, G). | 
The concentric stele formed by steles 4 and 5 
is first three-lobed and later becomes two- 
lobed. The change could not be followed 
beyond this since the material was exhausted. 
Text-figs. 2, 3 show the reconstructions of the 
steles in the stem. 
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TEXT-FIG. Â1— Pentoxylon sahnii Srivastava: 
A, 3, C, D, E, F, G, the serial cross-sections of a 
stem showing six eccentric steles at the narrower 
‚(upper ) end, A, and three concentric steles at the 
| broader (lower) end, G. a = branch trace. x 5. 


Stems with Less or More than Five Steles — 
A section of a small block of chert shows three 
tems‘ ( Pr. 2, Fic. 8); ‘a’ fairly large, in- 
complete with only three steles preserved, 
‘c’ with eight steles irregularly scattered 
in the ground tissue and ‘b’ a small stem 
with only four more or less unequal steles. 
This third stem lies between the other two. 

The stem ‘c’ shows two recently divided 
steles occupying the centre of the stem while 
the rest are arranged in a ring (PL. 2, 
Fic. 9). One of the steles shows pith pre- 
served in the lenticular region (PL. 2, 
Fics. 11,12). The cells of the pith are round 
and moderately thick-walled. The cortex in 
these stems abounds in the sclerotic nests. 

These three stems were discovered on an 
uneven surface of a small block the counter- 
part of which was not available. After 
yielding only one section the material on the 
block was exhausted. 

Irregular arrangement of the steles with 
some occupying medullary position is also 
noted in another solitary section of a stem 


shown in Pl. 2, Fig. 13, which shows 10-12 
steles in it. 

Pitting and the Medullary Rays — Bordered 
pitting on the longitudinal walls of the tra- 
cheids is as described in P. sahnii Srivastava 
but in some stems uniseriate, flattened, con- 
tiguous pits are noted in the wider tracheids 
(Pris 1, Fie? 3), ‚In. these stemse( Pal, 
Fic. 2) the biseriate pitting is of rare occur- 
rence. The pore in the pits is round. These 
stems also show tracheids with scalariform 
pitting — a character not known so far in 
the stems of Pentoxylon (Pr. 1, Fıcs. 4, 5; 
TEXT-FIG. 4). These scalariform tracheids 
seem to belong to the primary xylem and are 
associated with the tracheids bearing annular 
and spiral thickenings. In oblique vertical 
sections of the steles these scalariform 
tracheids are also noted in the secondary 
xylem. 

Medullary rays in these stems are uni- 
seriate, only 1-5 cells high with 1-3 cells high 
rays dominant. Field pits are 1-3 and are 
vertical oblique to horizontal in orientation 
( TEXT-FIG. 5). 

In a branching stem the lenticular region 
lodging the primary xylem becomes large 
and shows ground tissue in it and possesses 
comparatively narrower tracheids in this 
region. Pitting in these tracheids is not pre- 
served. The medullary rays ( Pr. 1, Fıcs. 6, 
7, TEXT-FIG. 6) in this stem are 17 cells high 
with 5-7 cells high dominant. They are not 
only uniseriate, but bi- and multiseriate rays 
are also met with. Field pits are 1-2 
(TEXT-FIG. 7). 


3 — Restoration of the stelar 


TEXT-FIGS. 2, 
system of the stem shown in serial sections in Text- 


A and Bin Text-fig. 2 show the stem from 
Text-fig. 3 is semidiagrammatic. x 5. 


fig. 1. 
two views. 
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TEXT-FIGS. 4-7 — 4, Pentoxylon sahnii Srivastava. 
A part of radial longitudinal section of tracheids 
from another stem showing scalariform pitting. 
x 380. 5, a part of radial longitudinal section of 
tracheids showing field pits. x 380. 6, a part of 
radial tangential section of another stem showing 
uni- to multiseriate medullary rays. x 200. 7, 
Field pits from another stem. x 380. 


The Pith — In normal stems the steles are 
arranged in a ring round the pith. The 
width of the pith is not directly related to 
the growth of the bundles ( TABLE 1) as 
believed by Srivastava ( 1946, p. 197). 

From Table 1 it is seen that the stems 
having less number of steles and a few growth 
rings have comparatively the shortest pith. 
This observation is quite in contrast to the 
view held by Srivastava (1946) that in 


mn en Ed La or En u aaa nn 
TABLE 1 
DIAMETER OF 


THE PITH, 
mm. 


No. OF THE GROWTH No. OF STELES 


RINGS IN A STELE 


Less than 10 4 1:5-2 
10-12 5 5x3 
12-16 5 3x3 


en 


younger stems the pith “must have been | 


comparatively quite wide”. 

The pith in some specimens has a few 
sclerids while in others numerous sclerotid 
nests are met with which are irregularly | 
arranged. The numerous sclerotid nests are, 
however, known in the stems of P. | 
but, in contrast to their irregular arrange- 
ment in my specimens, they are described 
arranged in tiers in P. sahnw ( SRIVASTAVA, 
1946, p. 197). | 


Genus Pentoxylon Srivastava 


Diagnosis — Petrified stems with 3-6 oil 
occasionally 7-8 steles closely arranged in a 
ring round the pith. Stele enclosed partially | 
or completely in a jacket of elongated rect- | 
angular cells, probably secondary phloem; 
stele eccentric or with equally developed 
secondary wood with first one or two rings | 
complete. Wood pienoxylic, devoid of‘ 
parenchyma; tracheids with one to many | 
series of circular or flattened bordered pits; 
field pits 1-3; tracheids with scalariform 
thickening present. Primary xylem tra- | 
cheids of annular and spiral thickenings; 
protoxylem mesarch. Medullary rays one | 
to many cells thick and up to 17 cells high. | 
Sclerotid nests present abundantly in the 
cortex and few to abundant in the pith. 

Comparison — The evidence for further | 
speciation of the genus Pentoxylon based on | 
fragmentary material described by me and 
previous workers ( SRIVASTAVA, 1946; SAHNI, 
1948) is not sufficient. Consequently all | 
the fragmentary stems are provisionally in- | 
cluded in the species Pentoxylon sahnii 
Srivastava. These stems show slight ana- 
tomical variations which might prove of 
specific value when larger and better-pre- 
served stems are discovered. No attempt is, | 
therefore, made at present to diagnose | 
even the known species Pentoxylon sahnit | 
Srivastava. | 

The stems described above show that the |} 
genus Pentoxylon, as the name implies, did | 
not always possess five or six steles which | 
probably were present in the ultimate | 
branches, while in the lower region of the | 
axis not only the number was more or less | 
but also the steles became somewhat con- | 
centric in form. Further the anatomical | 
details show a range in pitting, medullary | 
rays, field pits and in the number and 
arrangement of sclerotid nests in the pith. | 
These observations perhaps indicate that the | 
genus Pentoxylon included other species than | 
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P. sahnii and the characters of the genus 


| 


ee a 


Shukla 
species of Pentoxylon, P. tetraxyloides, merely 
|. on the number of steles. 


k importance. 


Pentoxylon were not so simple as those re- 
presented by P. sahnit. In order to dis- 


 tinguish the various species of Pentoxylon 
| we shall have to wait till more and complete 


material of Pentoxylon stems is discovered. 
An attempt has recently been made by 
(1957) to differentiate another 


In the light of the 
above knowledge it will be risky to do so. 
When one stem possesses varying numbers 
of steles this character does not retain its 
Secondly it will be against our 
concepts of nomenclature because the genus 


| Pentoxylon is founded on the number of 
+ steles, and its species should not be dis- 
: tinguished by the same character. 


The stems with five or six steles described 


: above resemble in essential details the stems 


of Pentoxylon sahnii but differ in the tra- 


| cheidal pitting, the nature of medullary rays, 
. the number of the field pits and the presence 


of periderm-like layer in the cortex. More 
work is still required to show whether these 
stems belonged to other species of Pentoxylon 
or these new characters provide additional 


information to our knowledge of the stems 


of P. sahnii. The formation of the con- 
centric steles in probably lower region of a 


} stem which shows six steles at the upper 


narrower end is interesting though its signi- 
ficance cannot be made out at present. 
No such fossil stem is known from the 


Jurassic horizon with which comparisons can 


be made. From the other horizon in the 
Mesozoic, the Triassic genus Rhexoxylon 
( BANCROFT, 1913, 9. 89) seems to show the 
irregularly arranged steles, the presence of 
sclerotic nests in the ground tissue, presence 
of periderm, mesarch protoxylem, eccentric 
and centripetal growth of the secondary 
wood, strictly coniferous picnoxylic type of 
wood, coniferous pitting, medullary bundles, 
etc. While comparing Pentoxylon with 
Rhexoxylon Professor Sahni (1948) wrote that 
Rhexoxylon is a distinctly older genus whose 
leaves are not known and further its steles 
are differently constructed and more complex. 

The structure of the stele in Rhexoxylon 
africanum as shown by steles 4 and 9 in 
section B of R. africanum, stele 4 in section A 
as figured by Bancroft (1913, Pr. 11, 
Fics. 7, 8) and stele 7 ( BANCROFT, 1913, 
Pr. 10, Fic. 5) is not in any way dif- 
ferent from those of pentoxylean steles 
described above. The broken nature with 


some pith developed between the two parts 
of the steles is due to their being fairly large 
in size. Similar features are noted in some 
steles of one of the specimens described above 
(PLs2; Pics 1112: 

Thus there are several characters of Pento- 
xylon which compare with those of Rhexo- 
xylon. It is true that the leaves of Rhexo- 
xylon are not known. Rhexoxylon is be- 
lieved to possess medullosean affinities. 
Regarding the leaves of medullosean stems 
Seward (1917, p. 86) stated, “there is, 
however, little doubt that the other forms 
of leaves such as Odontopteris and possibly 
Taeniopteris were borne on medullosean 
stems ’’. It is interesting to point out here 
that Nipaniophyllum raoi, the leaves of 
Pentoxylon sahnii, were previously known as 
Taeniopteris spatulata. 

Pentoxylon differs from Rhexoxylon in age, 
size, absence of a double ring of steles and the 
structure of the periderm. 

Discussing the comparison of Pentoxylon 
with the Palaeozoic medullosas Professor 
Sahni (1948) writes that “ the band-shaped 
primary stele, surrounded on all sides by 
secondary wood is indeed reminiscent of some 
species of Medullosa’’. Pointing out the 
differences of Medullosa from Pentoxylon 
Professor Sahni ( 1948) mentions the large 
size and the irregular arrangement of the 
steles which though small in size in Pentoxylon 
do show comparable features with those of 
the medullosas. In the nature of pitting and 
medullary rays also Pentoxylon compares 
with Medullosa. 

The chief point in which medullosas are 
believed to differ from Pentoxylon lies in their 
uniformly or centrifugally developed steles 
which in Pentoxylon are centripetally dev- 
eloped. Recently Delevoryas (1955) has 
shown that even centripetally developed 
xylem is also found in the medullosan 
stems ( DELEVORYAS, 1955; Pr. 11; Pr. 19, 
Fic. 36: Pr. 20, Fie. 42) (Some: ofthe 
figures given by Delevoryas (1955) re- 
markably compare with the stems of Pento- 
xylon (DELEVORYAS, 1955; Pr. 18; Fic. 31; 
10, 15) Vien 3100 101 25eE1c 2060) MEurENET 
in the mode of branching of the stele 
both Pentoxylon and Medullosa compare with 
each other. 

It is interesting to note that in this Jurassic 
genus Pentoxylon several common characters 
with those of the medullosas of the Palaeo- 
zoic age are found. The above observa- 
tions tend to justify to some extent the recent 
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statement of Stewart & Delevoryas ( 1956, 
p. 78) that “ the stem anatomy of members 
of the Pentoxyleae described from the Meso- 
zoic in India by Sahni ( 1948) has much in 
common with medullosan stem structure and 
perhaps some affinity may exist between 
these two groups ” 

Dwarf Shoot of Pentoxylon sahnii — Some 
leaf bases overlapping one another and 
grouped together as if representing the ter- 
minal apex of dwarf shoot were noted in 
the cross-section of a slice about 1:5 cm. thick 
( TEXT-FIG. 8C). These leaf bases surround- 
ed an empty space in the centre where no 
tissues were seen preserved. Each leaf base 
showed typical characters of the leaf bases of 
dwarf shoots of Pentoxylon sahniw. After 
grinding for a distance of about 1 mm. the 
section, about 1 cm. in diam., showed several 
vascular bundles arranged more or less in 
irregular ‘v’- or ‘ u’-shaped loops around the 
broad pith ( TEXT-FIG. 8B). Each vascular 
bundle is a collateral plate of xylem with 
protoxylem facing inwards. About a milli- 
metre below this region, as revealed by 
grinding the slice from the opposite side, the 
specimen, about 1:2 cm. in diam., showed 
five band-shaped steles as arranged in a 
typical dwarf shoot of P. sahnir ( TEXT-FIG. 
8A). Numerous groups of stone cells were 
found scattered both in the cortex as well as 
in the pith and unicellular hairs were also 
seen borne on the leaf bases. 

The specimen, about 5-6 mm. long, re- 
presents the apical region of the dwarf 
shoot and shows that each band-shaped 
stele within a distance of about 2 mm. below 
the apex disintegrates into 5-7 direct traces 
which ultimately terminate in the apical leaf 
bases. 


2. Genus Nipanioxylon Srivastava 
Text-figs. 28-31 


The genotype N. guptai was very briefly 
described by Srivastava in 1935 and 1937. 
In 1946 only some photographs showing the 
anatomy of N. guptai were published un- 
accompanied by any description ( SRIVAS- 
TAVA, 1946). While describing the salient 
features of Nipanioxylon Srivastava, Professor 
Sahni ( 1948, pp. 60-61 ) expressed his doubt 
that N. guptai might turn out to be a 
branching stem of Pentoxylon cut across the 
point of forking. 

A study of the material on which Sri- 
vastava (1946) founded this genus shows 
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_Text-Fic. 8 — Showing three serial cross-sec- 
tions A, B, C, from the apical region of a dwarf 
shoot of Pentoxylon sahnii Srivastava. X 10. 
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that he had only isolated cross-sections of 
the stems at his disposal. The present study 
is made not only from the newly discovered 
isolated cross-sections of stems but also from 
a piece of stem about 3-5 cm. long. 

The specimens vary in size from 3x 3 mm. 
to about 20x10 mm. The younger stems 
are more or less spherical in cross-section 
while the older ones are compressed and of 
oval shape. 

The single-layered epidermis is followed 
by more or less loose cortical tissue, which is 
comparatively narrower than the central 
ground tissue. Several sclerotic nests are 
present in the ground tissue. 

The steles, 6-9 in number, are arranged 
in a ring. The stelar region of the ground 
tissue is demarcated from the cortex and 


| from the pith by a thick band of sclerotic 


nests. A stele is hardly about 1-2 mm. in 
diam. The first growth ring is complete 
while the second and the third are incomplete. 
The phloem forms a patch towards the corti- 
cal side of the bundles. It is not possible to 
determine the nature of the protoxylem. 

Wood is compact. Medullary rays are 
uniseriate, 1-3 cells high. Tracheids in radial 
longitudinal section bear the scalariform as 
well as contiguous and circular uniseriate 
bordered pits ( TExT-FIGS. 28, 29). Field 
pits not observed. 

A single collateral trace is seen traversing 
the cortex. 

Medullary ground tissue is crushed and 
deformed. Pith is very wide and its width 
directly depends upon the diameter of the 
stem as shown below. 


TABLE 2 — RELATION OF THE SIZE OF PITH TO THE 
DIAMETER OF THE STEM NIPANIOXYLON 


STEM ( DIAM.), PITH SIZE, 
mm, mm. 
20x10 10x4 
7x5 5x2 
6x4 3x2 
3x3 2x1 


A very interesting case of a Nipanioxylon 


stem about 3-5 cm. long was obtained in - 


serial sections ( TEXT-FIG. 30). At either 
end the stem is narrow, about 5-6 x 3-4 mm., 
and shows a single concentric bundle with 
little pith in the centre ( TEXT-FIGs. 30, 31). 
The stem grows in diameter nearly in the 
middle region where a cross-section shows 


six steles surrounding a very broad pith. 
Three of the steles in this region fuse and form 
a single stele thus reducing the number of 
the steles in the stem to five. A cross-section 
from this region of the stem is very much 
similar to the isolated sections described 
under Nipanioxylon. The ground tissue 
possesses abundant sclerotic nests and the 
stelar region is demarcated in this swollen 
part of the stem from the cortex and pith 
by a thick band of sclerotic nests. This 
swollen part of the stem is about 6-7 mm. 
long and beyond this again the steles fuse 
and the pith becomes fairly narrow and the 
single stele resulting from it becomes con- 
centric again. 


Genus Nipanioxylon Srivastava 


Diagnosis — Petrified stems with 7-9 very 
small collateral steles distantly disposed in a 
ring round a very wide pith. Each stele 
with growth rings few to none, secondary 
wood slightly eccentric or more or less equally 
developed all round. Sclerotic nests few to 
many. Wood pienoxylic and devoid of any 
parenchyma. 


N. Guptai Srivastava 


Diagnosis — Petrified stems up to about 
2x1 cm. thick with 7-9 small collateral 
steles. The stelar region limited from cortex 
by a layer of sclerotic nests and from pith 
by a parenchymatous layer. Sclerotic cells 
abundantly present in the ground tissue. 
Branch trace single. Contiguous, uniseriate, 
bordered pits in the radial tracheids along 
with the scalariform thickening. Medullary 
rays uniseriate, 1-5 cells high. 

Comparison — The above observations on 
Nipanioxylon do not confirm the view ex- 
pressed by Professor Sahni that Nipamioxylon 
represents a branching axis of Pentoxylon. 
The behaviour of the steles studied in serial 
sections in a piece of stem arouses doubt 
whether the genus Nipanioxylon really be- 
longed to the Pentoxyleae. The polystely 
and abundance of sclerotic nests in this stem 
do suggest relationship with the Pentoxyleae. 
The occurrence of scalariform pitting in these 
stems further compares with that of Pento- 
xylon stems. Fusion of steles resulting in a 
concentric stele is also noted in a stem of 
Pentoxylon as described elsewhere. 

There are several differences between the 
polystelic stems of Pentoxylon and those of 
Nipanioxylon, for instance, the large pith, 
small and less lop-sided steles, a distinct stelar 
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region demarcated from the pith and medulla 
by a thick band of sclerotic nests. These 
characters show that these stems are dis- 
tinctly different from those of Pentoxylon and 
Srivastava was justified in instituting a new 
name Nipanıoxylon for them. 

The examination of Srivastava’s slides re- 
ferred to N. guptar consisting of isolated cross- 
sections of stems numbered K 19/2, K 19/3, 
K:19/8,.K19/9, K319/40, KA) 22 
and L 42/3 showed that the sections K 19/8 
and K 19/10 could not belong to Nipanioxylon 
because these sections represent the oblique 
vertical sections of the dwarf shoots and their 
steles are 3-4 mm. in thickness. 


pet 


12 


10, a narrowly acute apex of aleaf. Nat. size. 


proximal region of a leaf. Nat. size. 


11, a broadly round apex of a leaf. 
pet = petiole; /.b.=leaf base. 


In his sections as well as those described 
by me 1-3 traces as mentioned by Srivastava | 
(1937) are not seen, only a single trace 1s 
noted passing through the cortex. Large | 
number of traces are known to pass through | 
the cortex of the dwarf shoots ( SAHNI, 1948; 
VISHNU-MITTRE, 19539 ). | 

The specimen in slide K 19/11 figured by | 
Srivastava (1946; Pr. 9, Fics. 86-93) 


differs widely from the typical stems of | 


N. guptai (SRIVASTAVA, loc. cit.; PL. 9, 
Fics. 88-92). The specimen measures 1:7 
cm. in length and 0-7 cm. in breadth. The 
pith is slightly wider than 1 mm., while the 
cortex is comparatively very wide. 


TEXT-FIGS. 9-12 — 9, Nipaniophyllum yaoi Sahni showing a pointed acute apex of a leaf. 


Nat. size. 


Nat. size. 12, the 


There | | 
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are eight vascular bundles arranged in a 
ring. Three of them are very closely placed, 
two are at a little distance from each other 
and the next three are again very close to 
one another. The above characters, how- 
ever, do not suggest that this section belongs 
to the genus Nipanioxylon. In fairly large 
size of the steles, their close arrangement 
and narrow pith the specimen possesses the 
characters of the genus Pentoxylon. Only 
in the occurrence of eight steles the specimen 
shows close resemblance to Nipanioxylon. 
The steles, however, differ from those of 
Pentoxylon in having less lop-sided secondary 
wood and in the absence of the eccentricity 
of the wood so characteristic of the steles of 
Pentoxylon. Pentoxylon stems with five steles 
exactly similar as in the specimen are not 
uncommon in the chert. The specimen com- 
pares very much with a cross-section of a 
branching node of P. sahnii ( VISHNU-MITTRE, 
10002 1010 1 Ei, 4, Fic. 53 STEXT-FIG. 10) 
and is, therefore, believed to belong to a 
Pentoxylon stem. 


B. LEAVES 
1. Genus Nipaniophyllum Sahni 


A great variation in size and form of the 
leaves belonging to thegenus Nipaniophyllum 
Sahni has already been pointed out ( SAHNI, 
1948, p. 52; VISHNU-MITTRE, 1953a, p. 81). 
Professor Sahni ( 1948 ), however, suggested 
that leaves with a broader lamina and midrib 
might belong to a species different from N. 
raoi Sahni, the only species known so far of 
this genus. From his detailed study of 
various types of leaves then referred to 
Taeniopteris spatulata, Rao in 1943 ( Rao, 
1943, pp. 337-338) did not distinguish any 
species. 

The results of the re-investigation of the 
salient features of the Nipaniophyllum leaves 
are given below. 

1. The apex is either acute ( TEXT-FIGS. 9, 
10) or round ( TEXT-FIG. 11). Acuminate 
apex as described by Rao ( 19438, p. 337) 
is not observed in any of my specimens. 

2. The venation is either dense or wide. 
The veins are about 1 mm. apart in some 
specimens (Rao, 1943, p. 337) while in 
others their number is 2-3 or 3-5 per mm. 

3. The angle of emergence of the lateral 
veins varies from 60° to 90° to the midrib 
(Rao, 1943, p. 350). The lateral veins 
either remain straight and form right angle 


to the midrib or tend to turn upwards. 
There are some specimens which show both 
the straight as well as slightly upturned 
lateral veins. 

4. The margins of a lamina are either 
almost parallel, straight and tapering gra- 
dually ( TEXT-FIG. 10) or more or less wavy 
and abruptly tapering ( TEXT-FIG. 11). The 
leaves with parallel, straight and gradually 
tapering lamina are narrower in breadth than 
those with wavy and abruptly tapering 
lamina. 

5. The length of a complete leaf of N. raoi 
has never been known. The descriptions 
and the reconstructions of the leaves of 
Nipaniophyllum raoi are so far mostly based 
upon fragmentary leaf impressions showing 
either the apical, middle or basal regions 
( Rao, 1943; SAHNI, 1948, 9. 78; TEXT-FIGS. 
34a, 45). The longest fragment is about 
7 cm. (SAHNI, 1948, p. 52) or up to 10 cm. 
( Rao, 1943, 9. 450). The leaves in my col- 
lection also show the same range in length. 

6. In form the leaves are strap-shaped 
(SAHNI, 1948, p. 51) or spathulate ( Rao, 
1943, p. 337). There are fragments in my 
collection showing both the spathulate and 
the strap-shaped forms. 

The recent collection of petrified leaves 
from Nipania includes fragments of leaves 
with the proximal region also preserved. 
One such fragment is figured in Pl. 3, Fig. 14 
and Text-fig. 12. The vagina, 2-4 1-1-2 
fm, is. thick-and circulary The petiole; 
101 mm., is unwinged. The lamina from 
the petiole originates gradually or abruptly 
and then broadens upwards into a strap- or 
a spathe-like form. 

7. In the reconstruction of the shoot of 
Pentoxylon sahnii Professor Sahni (1948, p. 78; 
Fic. 45) figured a similar proximal region of 
the Nipaniophyllum leaves, though the petiole 
has been known to be narrowly winged 
(Rao, 1943, pp. 337-350; SAHNI, 1948, p. 53). 

8. The Epidermal Characters — The epider- 
mal cells except on the midrib and the lateral 
veins are not arranged in rows. Hair scars 
are not noted. The other details of the 
epidermal cells are as reported by Rao 
(219435 10) 339): 

Distribution of the Stomata — Except on 
the midrib where the stomata are more or 
less vertically orientated, the stomata show 
irregular distribution and orientation on the 
lower surface of a leaf ( TEXT-FIGS. 13, 14). 
The other details are as described by Rao 
( 1943 ) 
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yaoi 


13-1915), 


Nipaniophyllum 
Distribution of stomata on a part of a 


TEXT-FIGS. 
Sahni. 


rachis. x 50. 14, distribution of stomata on a 


part of lamina. x 50. 15, a fragmentary leaf with 
epidermal characters preserved. x 37. 16, 18, 19, 
stomatal apparatuses from above leaf showing the 
haplocheilic nature of the stomata. x 570. L= 
lateral subsidiary cell; P = polar subsidiary cell. 
17, a stomatal apparatus showing the sunken nature 
of the guard cells and the over-arching subsidiary 
cells. x 650. 


The Stomata { PL. 3, Fics. 16-20; TEXT- 
FIGS. 15-27)— The stomatal apparatus is 
oval in shape and consists of 4-6, occasionally 
7 subsidiary cells, 2 polar and 2-4(5) lateral 
( TEXT-FIGS. 16-21, 23). The walls of the 
subsidiary cells are wavy and slightly arch 
over the aperture. The guard cells in the 
stomata are sunken in the middle region 
while the polar regions are slightly raised 
(Pr. 3, fies; 17-19; TEXT-FIES. 20-2225). 
They are heavily cutinized at the polar 
regions while the thickenings are also noted 
on the outer, inner and the ventral walls of 
the suard cells (Pr.23,:E1cs. 17-202 TE x 
FIGS. 22-25). Thickenings on the dorsal 
walls are not seen. Two thin patches are 
noted at each pole, probably formed due to 
the raising up of the polar ends of the guard 


cells in order to bring them near to the sur- 
face at these points ( TEXT-FIGs. 21, 22) 
Interpretation of the Structure of the Stoma — 
The structure of the stomata described above 
shows that the Nipaniophyllum leaves had 
haplocheilic type of the stoma. Rao ( 1943, 
p. 350) described the syndetocheilic type 
of the stoma in N. raoı but did not over- 
look the possibility of their being haplo- 
cheilic also. From some of his photographs 
( Rao,. 1943, Pr. 15, Fic. 38 )-the’stomata 
appear to be haplocheilic. My observations 
tend to show that the stomata are uniformly 
haplocheilic in the genus Nipaniophyllum. 
The occurrence of occasionally single sub- 
sidiary cell ( Rao, 1943; p, 348 7 Pre 
Fic. 19; Pr. 4, Fic. 22 ) along with frequent 


TEXT-FIGS. 
apparatus showing the sunken nature of the guard 
cells and the over-arching subsidiary cells. x 650. 


20-27 — 20, 21, another stomatal 


22, Nipaniophyllum vaoi Sahni. A stoma at two 
different focii. The figure on the left shows two 
guard cells, the one on the right shows the thicken- 
ings on the guard cells. x 570. 23, a stomatal 
apparatus devoid of the polar cells. x 650. 24,25, 
cross-sections of two stomatal apparatuses showing 
the sunken nature of the guard cells and their 
thickenings. x 570. 26, 27, vertical sections of 
two stomatal apparatuses. Text-fig. 26 shows a 
guard cell with two raised polar areas. x 570. 
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occurrence of two subsidiary cells on one or 
both sides of the guard cells led Rao to inter- 
pret the stomata as syndetocheilic in nature. 
The fact that a subsidiary cell in a syndeto- 
cheilic type of stoma may undergo division 
further supported his contention. The oc- 
currence of abnormal and exceptional bennet- 
titalean stomata in Williamsonia wettsteinii 
and Williamsoniella lignieri ( FLorın, 1933, 
pp. 8, 11-12; TExT-rFIGs. 2b, 5a) also lent 
support to his view. 

In a normal course of development of a 
syndetocheilic stoma, further division of the 
subsidiary cell takes place by a vertical wall 
into the lateral cells which instead of really 
encircling the stomatal apparatus lie entirely 
at the sides and fit neatly against each other 
flanking the guard cells dorsally ( FLORIN, 
E51, p. S15 ARNOLD, 1953 p.55). Con- 
trary to this fact the division of the sub- 
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28, 29 — 28, Nipanioxylon guptat 
A part of radial longitudinal section 


TEXT-FIGS. 
Srivastava. 
of a stem showing uniseriate, contiguous bordered 
tracheids. x 570. 29, a part of radial longitudinal 
section showing the scalariform tracheids. x 570. 


sidiary cells in N. raoi is by a transverse 
wall ( Rao, 1943, Pr. 4, Fic. 25). 

Harris (1932, p. 111) gives certain con- 
trasting features of bennettitalean and non- 
bennettitalean stomata. In the light of this 
knowledge such characters of the stomata of 
Nipaniophyllum as the absence of cutiniza- 
tion of the dorsal walls of the guard cells, 
the irregular orientation of the stomata and 
epidermal cells (except on the midrib ) and 
the occurrence of a ring of subsidiary cells 
in the stomatal apparatus, show that the 
stomata are non-bennettitalean and therefore 
haplocheilic in nature. 

In the occasional occurrence of a single 
subsidiary cell Rao (1943, p. 348) found 
support for his syndetocheilic interpretation. 
The number of the lateral subsidiary cells in 
a haplocheilic stoma may not necessarily be 
constant. The cuticles of some recent coni- 
fers, viz. Pherosphaera hokeriana, Micro- 
cachrys tetragona, Podocarpus dacrydioides 
and P. elatus ( FLORIN, 1931; Pr. 18, Fics. 7, 
8: Pr. 30,.F1e. 5), and of some eycads; viz. 
Encephalartos sp., Zamia sp., and Cycas cir- 
cinalis, the number of the lateral subsidiary 
cells on either side of the guard cells is found 
to vary from 1 10 3. 

Assessment of the Characters — Of all the 
characters discussed above the apex (round 
or acute), margin (straight or wavy ) and 
form of the leaf ( spatulate or strap-shaped ) 
are some of the characters which may 


help in distinguishing various species of 
Nipaniophyllum from one another. The 
anatomical characters are more or less 


uniform. 

The following two types of the leaves can, 
however, be easily distinguished from one 
another on the basis of the shape, margin 
and apex of lamina. 

Type 1 — Leaves strap-shaped with acute 
apex, margins running parallel and 
straight to the midrib — N. raoı. 

Type 2— Leaves spathulate with broad 
apex, margins more or less sinuous and 
abruptly tapering towards the proximal 
region — N. sp. } 

The distinction between the above two 
types is based upon observations made from 
fragments of leaves. Till complete leaves 
with more distinguishing data are available, 
it will not be sound to raise Nipaniophyllum 
type 2 to a specific rank. 

In the light of the new information 
described above the diagnosis of the genus 
Nipaniophyllum is revised as below. 
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Text-Fics. 30, 31 — 30, Nipanioxylon guptai 
Srivastava, showing A-N serial cross-sections of a 
stem. x 7. 31, restoration of the above stem. x 7. 


Genus Nipaniophyllum Sahni emend. 


Emended Diagnosis — Petrified leaves with 
the form and venation of T'aeniopteris Brong. 
Vascular bundles arranged in straight or 
slightly curved row, diploxylic. Stomata 
haplocheilic, subsidiary cells, 4-6, encircling 
the guard cells. 

Since a new interpretation of the structure 
of the stoma is given the diagnosis of N. raoı 
needs a revision. As more details are still 
required to completely re-diagnose N. raot, 
it is apparently suggested that in the diagno- 
sis of N. raoi as given by Professor Sahni 
(1948, 9. 52) the later part of the diagnosis 
starting from the leaf cuticle onwards be re- 
placed by the following words: 

“Leaf cuticles thick, epidermal cells 
sinuous-walled, not confined in rows ex- 
cept in midrib and lateral veins; stomata 
on lower surface; sunken with the guard 
cells raised above, irregularly orientated 
except on the midrib, lateral veins devoid 
of stomata; guard cells cutinized at the 
poles as well as on the ventral inner and 
outer walls. Subsidiary cells 4-6, 2 polar 
and 2-4 lateral, bulging outwards and 
arching over the guard cells.” 

Comparison — The diploxylic nature of 
the bundles of Nipaniophyllum was shown 
by Professor Sahni ( 1932 ) to be cycadean in 
character. In the haplocheilic type of the 
stomata the nature of the guard cells and 
their thickenings the leaves further show 
cycadean characters. 

In the presence of parallel, very fine and 
numerous once-branched veins, presence of 
bundle sheath with sclerenchyma wedges 
above and below a bundle and the presence 
of stomata on lower surface Nipaniophyllum 
leaves resemble a Mesozoic fragmentary 
leaf, Nipaniophyllum cordaitiforme Stopes & 
Fuji known from the Upper Cretaceous of 
Hokkaido in Japan ( Stopes & Fuji, 1910 ). 
The occurrence of a midrib and the structural 
details of the epidermal cells and the stomata 
are not known in this Japanese specimen, so 
further comparisons cannot be made. 

The chief difference between the two is 
noted in the fact that the cross-section of 
Nipanophyllum cordaitiforme corresponds 
with the vertical section of Nipaniophyllum 
raoi. Both these sections show identical 
anatomical details. Further difference is 
noted in the absence of centrifugal xylem in 
N. cordaitiforme. Though the centrifugal 
xylem is present in the bundles of midrib of 
Nipaniophyllum leaves, it has not been 
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recognized in the vertical section of these 
leaves. 


DISCUSSION 


The Pentoxyleae consist of several organ 
genera, some of which were shown by 
Professor Sahni in 1948 to have belonged to a 
plant named Pentoxylon sahnii Srivastava. 
This plant consisted of stems known as Pento- 
xylon sahnit, bore dwarf shoots which in turn 
bore the leaves described as Nipaniophyllum 
raoi Sahni and the female infructescence call- 
ed Carnoconites compactum Srivastava. This 
plant also bore the male cones Sahnia nipa- 
niensis Vishnu-Mittre on dwarf shoots. Our 
knowledge of the plant Pentoxylon sahnii, 
therefore, is fairly complete now though 
built on direct and indirect evidences. 

It is also now clear that the stems of 
Nipanioxylon were distinctly different from 
Pentoxylon stems and were probably borne on 
a different plant which, as Professor Sahni 
also believes, bore the broader variety of 
leaves of Nipaniophyllum raoi Sahni and 
the seed cones of Carnoconites laxum Srivas- 
tava. It is not possible at present to 
establish a correlation between the various 
organ genera making the plant Nipamoxylon 
guptai Srivastava. 

Affinities — In the light of additional in- 
formation regarding the plant Pentoxylon 
sahnii, it will be interesting to see the affi- 
nities of the group Pentoxyleae. 

(i) Stems — The stems of Pentoxylon sahnii 
and also those of Nipanioxylon guptai are 
very different from those of the Bennettitales 
and the modern cycads in their polystelic 
character; in nature of steles and their mode 
of branching they recall characters of the 
Palaeozoic medullosan stems. Polystely in 
mature stems of modern cycads is of poly- 
cyclic type although that ( vestigial poly- 
stely ) found in the seedling stages of some 
modern cycads approaches that of Pento- 
xylon stems. The picnoxylic nature of 
wood and the coniferous type of pitting of 
the Pentoxylon stems are also found in the 
modern cycads (SIFTON, 1920) and some 
Palaeozoic medullosan stems. The charac- 
ters of the nature of wood and pitting should 
be looked upon as subsidiary characters. In 
the case of Pentoxylon stems the main and the 
subsidiary characters, therefore, tend to show 
cycadophytic affinities. The characters of 
the Pentoxylon stems are unique in the whole 
of the Cycadophyta since they are not shared 
with any of the known cycadophytic group. 


The majority of the characters of the 
dwarf shoots compare equally with those of 
the Bennettitales and Cycadales. Characters 
like the direct leaf traces which bring Pento- 
xyleae nearer the Bennettitales are also 
found in the seedlings of Cycas and the sporo- 
phyll traces of other modern cycads 
(WoRSDELL, 1906, p. 153). The dwarf 
shoots stand out unique in their polystelic 
character and the arrangement of the 
vascular bundles in the leaf base cushions, 
though the last character is, however, shared 
by one of the cycads, namely the leaf bases 
of Bowenia spectabilis Hook. which possess 
4-7 vascular bundles arranged in an arc 
( PEARSON, 1898, p. 477). 

The characters of the dwarf shoots of P. 
sahnu further confirm the above conclusions, 
though some characters of the dwarf shoots 
are common with those of the Bennettitales 
and the Cycadales. 

(ii) Leaves — The leaves of Nipaniophyllum 
#407 in general anatomy do show characters 
common with the Bennettitales, Cordaitales 
and Cycadales. But their stomatal charac- 
ters show a remarkable deviation from those 
of the Bennettitales. The diploxylic nature 
of the vascular bundles is found in such 
diverse groups as Bennettitales, Cordaitales, 
Cycadales, etc., thus indicating the sub- 
sidiary nature of this character. The 
leaves also confirm to the cycadophytic 
affinities. 

(iii) Male Cones — The male cones of the 
Pentoxyleae, though built on the same plan 
as the bennettitalean male fructifications, 
differ widely from the Bennettitales in their 
essential characters, viz. the sporangiophores 
being erect, radial structures devoid of any 
sterile portion, spirally branched bearing 
sac-like unilocular sporangia in contrast to 
the circinate, dorsiventral pinnate sporo- 
phylls of the Bennettitales each with a sterile 
portion and bearing synangia. The nature 
of the pollen grains serves here as a sub- 
sidiary character since + similar pollen 
grains are found in the Pteridosperms, Ben- 
nettitales, Ginkgoales, Cycadales and also 
some Angiosperms. The male cones are, 
therefore, unique in their nature and show 
cycadophytic affinities. 

(iv) Seed Cones — The seed cones of the 
genus Carnoconites are unique in character 
although in the structure of their seeds and 
that of the peduncles they show cycadean 
characters, though the mode of attach- 
ment of the seed in pentoxylean female 
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fructifications is fundamentally different 
from those of modern cycads. The seeds 
are distinctly stem-borne in Pentoxyleae as 
contrasted from the leaf-borne seeds of the 
cycads. It is interesting to note that the 
seeds in the Bennettitales are also stem- 
borne though the synangia are leaf-borne. 
The true morphological nature of the seed- 
bearing stalks of the Bennettitales is not 
known and so is the case with the seed- 
bearing organs of the Pentoxyleae. Appa- 
rently in both the cases the seeds are borne 
on the axis (stem). In terms of stachyo- 
spermy and phyllospermy the Bennettitales 
are partially stachyospermous and partially 
phyllospermous while the Pentoxyleae are 
wholly stachyospermous. The Coniferales 
are likewise partially stachyospermous and 
partially phyllospermous (1.50, 1948, pp. 
131-135» 21950. 56: 522 ME oO IE 
p. 386) also believes that the microsporo- 
phylls of the true conifers though derived 
from radial, repeatedly dichotomized and 
undifferentiated sporangial trusses with ter- 
minal erect sporangia are dorsiventral and 
hyposporangiate in nature. The more vege- 
tative development in them shows their 
greater transformation. 

The stachyospermy and phyllospermy 
(stachyospory and phyllospory of Lam) 
should, therefore, be looked upon as re- 
presenting the stages of evolution from the 
most primitive stage of the radial repeatedly 
dichotomized and undifferentiated sporangial 
trusses bearing terminal and erect sporangia 
to the highly advanced stage where the 
sporangia are borne on the dorsiventral 
organs with a great amount of vegetative 
development appearing leafy in nature. It 
is an admitted fact that all the organs of a 
plant or of an animal are not evolving at the 
same rate of evolution. The male and female 
organs in the gymnosperms which, to begin 
with, were merely dichotomized sporangial 
trusses have attained the present-day forms 
— the stachyospermous or phyllospermous — 
due to their evolution at different rates. To 
attach any importance to this purely evolu- 
tionary phenomenon for tracing affınities and 
the interrelationships will not be in accor- 
dance with our present knowledge of evolu- 
tion and the morphological interpretations. 
Therefore, the coniferous relationship of 
Pentoxyleae based on the stachyospermous 
nature of the seed-bearing organs in both 
the Coniferales and the Pentoxyleae is not 
borne out by the facts. 


Summing up the affinities of the individual 
genera discussed above it appears that the 
group Pentoxyleae is purely a cycadophytic 
group and its synthetic nature showing affı- 
nities with the Coniferophyta on the one hand 
and Cycadophyta on the other is not proved 
by the facts which are now available. 

Systematic Position — Amongst the cycado- 
phyta the Pentoxyleae show some relation 
with the Bennettitales and some with the 
Cycadales and possess at the same time some 
unique features of their own. The Pento- 
xyleae should thus be given an equal rank 
amongst the Bennettitales and the Cyca- 
dales and because of their most primitive re- 
productive organs they should lead the list 
Pentoxyleae, Bennettitales and Cycadales. 
The reduction of the division Pentoxyleae to 
Pentoxylales ( Lam, 1952, 9. 75 ) seems to be 
justified in the light of the systematic posi- 
tion discussed above. 

The Application of Telome Theory to the 
Pentoxyleae — The structural organization of 
various members of the Pentoxyleae appears 
to be simple and less advanced when the 
telome theory of Zimmerman (1930, 1949) 
is applied to it. 

The stems, dwarf shoots and the leaves 
are all characterized by repeatedly dichoto- 
mizing cylinders within a fused axis. In 
the stems the individual steles are seen 
to branch, the branches overtop with the 
result that the number 5 or 6 or 5-6 or 3-6 
is maintained. In a Nipamoxylon stem 
( TEXT-FIGS. 30, 31), in approximately the 
middle region the single concentric stele re- 
peatedly branches off and gives rise to 5-7 
individual steles, the ultimate branches of 
which meet again and the concentric cylinder 
is formed again. 

The origin of the leaf traces is further 
based upon dichotomous branching. In the 
leaf due to planation and webbing the 
dorsiventrality has been attained, but the 
individual bundles are still retained in the 
midrib from which the lateral veins showing 
the simple dichotomy are given off. 

The reproductive organs are further inter- 
esting. The peduncle has several bundles 
arranged in a ring in its proximal region, but 
towards its distal region the number of the 
bundles goes on reducing due to the reduction 
process. The pedicel trace to begin with is 
originated as a single bundle which divides 
into two by simple dichotomy and one of 
these by unequal dichotomy gives rise to a 
third smaller bundle, thus there are three in 
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the pedicel, occasionally four. The number 
of five or six vascular bundles in the cone- 
axis is also obtained by dichotomization. 

In their radial symmetry the male and 
female sporangiophores (the term sporo- 
phyll or cone as previously applied to them 
is a misnomer) are typical and represent 
wholly fertile syntelomes (sporangial 
trusses ). In the male sporangiophores the 
wholly fertile telomes bear spirally arranged, 
occasionally branched, weaker appendages 
which carry sporangia terminally. In con- 
trast to the female sporangiophores, the 
weaker appendages are missing due to fur- 
ther reduction resulting in the sessile nature 
of the seeds. In neither case the sporangio- 
phore is terminated by a sterile appendage. 
The female sporangiophores are spirally 
arranged on the peduncle while a whorled 
arrangement is noted in the male. 

Both kinds of the sporangiophores are 
built on the same plan and are, therefore, 
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homologous organs. The leaves are also - 
built on the same structural plan as the 
sporangiophores with the difference that they 
have further evolved due to planation and 
webbing into dorsiventral structures. The 
female sporangiophores seem to be the most 
primitive in the group because of spiral 
arrangement, but in the reduction of the 
weaker appendages resulting in sessile seeds 
they are advanced. 

Structurally, therefore, the group seems 
to be very primitive in possessing stems with 
polystely showing repeated dichotomy of 
steles and having radiosymmetric simple 
sporangiophores. The group does not seem 
to show any evolutionary tendencies in 
contrast to its contemporaries the Jurassic 
conifers which had evolved tremendously 
from their ancestors. The retention of very 
primitive characters by the Pentoxyleae in 
the Jurassic period probably accounts for 
the extinction of the group. 
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EXPLANATION OF PLATES 


PLATE 1 


Pentoxylon sahnii Srivastava 


1. A cross-section of a stem shown in Text-fig. 1F 
showing the three-lobed single stele formed by the 
fusion of steles 1, 2 and 6; steles 4 and 5 in the final 
stage of fusion. Steles 3 and ‘a’ approaching each 
otnere 0: 

2. An oblique cross-section of a stem. x 9. 

3. A part of the radial longitudinal section of the 
tracheids from above stem showing uniseriate con- 
tiguous bordered pits both in the summer and 
autumn tracheids. x 540. 

4. A part of the radial longitudinal section of the 
tracheids from stem in Fig. 2 above showing 
scalariform pitting. x 200. 

5. A part of above shown enlarged. x 540. 

6, 7. Parts of radial tangential sections from a 
branching stem showing uni-, bi- and multiseriate 
medullary rays. x 100. 


PLATE 2 


Pentoxylon sahnii Srivastava 


8. A part of a slice of chert showing cross-sections 
of three stems, a, b, c, ‘a’ is a part of fairly large 
stem, ‘b’ is the smallest of the three with only four 
steles, ‘c’ shows 7-8 steles. x 35. 


9. Stem ‘c’ from above (enlarged ) showing the 
irregular arrangement of the steles with two 
medullary steles. x 35. 

10. Stem ‘b’ from Fig. 8 above (enlarged ) 
showing four steles; two of the steles on the right- 
hand side of the figure seem to have just divided 
from a single stele. x 10. 

11. One of the steles from stem ‘c’ with pith in 
the lenticular region. x 35. 

12. Pith region in above enlarged. x 90. 

13. Cross-section of another stem showing 9-10 
irregularly arranged steles in the stem. x 14. 


PETER 
Nipaniophyllum vaoi Sahni emend. 


14. The proximal region of a leaf. Nat. size. 

15. A fragment of a leaf showing the gradually 
tapering lamina with more or less parallel sides. 
Nat. size. 

16. A part of cuticule showing the orientation 
and distribution of the stomata and the nature of 
the epidermal cells. x 150. 

17-19. A part of above (enlarged ) showing the 
haplocheilic nature of the stomatal apparatus. 
Figs. 17, 18 show the same stomatal apparatus at 
two different focil. p.r.= polar region, g.c.=guard 
cells, s.c.= subsidiary cells. x 450. 

20. A stomatal appratus from another leaf show- 
ing a ring of subsidiary cells with the thickenings on 
the ventral and outer walls of the guard cells. x 850. 


PIRATEN 


D 


S 


SHNU-MITTRE 


VI 


Tue PALAEOBOTANIST, VoL. 6 


re 


| 
| 
| 


Tu 


ay 
FAIRE: 
B iF > 


KENT 


PALAEOBOTANIST, VoL. 6 


2 


५ — PLATE 


SHNU-MITTRE 


< 


VI 


VISHNU-MITTRE — PLATE 3 


OBOTANIST, VOL, 6 


Di 


HE PALAI 


T 


sporangia. 


SLODIES IN’ Pur, GEOSSOPTERIS*FLORA-OR INDIA—= 
9. A MALE FRUCTIFICATION BEARING MONOLETE SPORES 
FROM THE LOWER GONDWANA OF INDIA 


K. R. SURANGE 


Birbal Sahni Institute of Palaeobotany, Lucknow 


ABSTRACT 


A new type of male fructification is described 
from the Raniganj stage. It consists of a long, 


cylindrical, stalked perhaps fleshy axis on which 


are embedded exannulate, most probably sessile 
Sporangia contain large number of 
bilateral monolete spores. Spore wall shows parallel 
ridges or longitudinal lines on the distal surface. 


NUMBER of isolated spores are known 

from the Lower Gondwanas, and some- 

times even loose sporangia containing 
spores have been obtained by maceration of 
coal. However, the fructifications as such 
are rare and hence the present specimen is 
of some interest. The specimen was collected 
from the Raniganj stage, New Kenda Colliery 
in the Raniganj coalfields. 


DESCRIPTION 


The fructification ( PL. 1, Fic. 1) is a long 
slender spike or cone-like organ, borne on a 
slender stalk about 1 mm. in diameter and 
exposed to about 18 mm. in length. The 
stalk must have been longer than this but it 
could not be traced further. It is swollen 
at the point of attachment with the fructi- 
fication. The fertile part measuring 4 cm. 
in length and 5 to 3 mm. in breadth is cylin- 
drical (Pr. 1, Fics. 1, 2), broad just above 
the base and narrowing gradually towards 
the apex which is triangular and acute. 

The fructification was preserved in the 
form of a thick compression which came off 
easily from the shale and was mounted on a 
slide as a transfer. 

The sporangia are oval in shape, leaving 
oval impression on the surface of the fructi- 
fication, about 1-5 to 1 mm. in length and 
about 1 mm. in breadth at the broadest part 
iia FIG 2). They are arranged ir- 
regularly and no definite arrangement is 
discernible. They are 6 to 8 in a row in the 
lower part and 3 to 4 in the upper part of the 
fructification. No stalk is seen. 

As regards arrangement, some of the 
sporangia have their narrow ends pointed 
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towards the base while in some they are 
towards the apex. It is not known how the 
sporangia dehisced. 

The sporangia contain a large number of 
monolete spores (Pr. 1, Fic. 3). In some 
fractured sporangia spores could be observed 
under the low power binocular microscope. 
A few such spores were picked up and were 
directly mounted on the slide ( without treat- 
ment with acid or alkali). One such spore 
is shown in Pl. 1, Fig. 4. 

A small portion of the incrustation con- 
sisting of sporangia just above the stalk was 
removed and put into acid. A large number 
of spores were released (Pr. 1, Fic. 3), 
but there was no trace of any cuticular pieces 
or even thickened cells of the sporangial wall. 
The carbonized crust yielded nothing but a 
large number of spores compressed in all 
directions. 

Spores — Bilateral ( Pr. 1, Fic. 5), mono- 
lete, average size 72x 55 u ( 64-90 x 46-73 u.) 
The smallest spore measured 46x 36 and the 
largest 92x 64 u. Slit is long with slightly 
prominent lips. The unmacerated spore 
shows long, slightly curved, almost parallel 
grooves enclosing darker ridges on the surface 
(Pr. 1, Fic. 4). In the macerated spores 
these ridges almost disappear and the spores 
are smooth except for fine longitudinal lines 
which are seen in the place of grooves 
(Pr. 1, Fic. 5). Folds are common but 
their positions are not definite. 


DISCUSSION 


The fructification consists of a large num- 
ber of naked sporangia which in all pro- 
bability were sessile and embedded on a 
cylindrical fleshy axis. It was borne on a 
long slender stalk. 

The fructification was found detached 
and its affinities are rather difficult to deter- 
mine. The arrangement and the mode of 
attachment of the sporangia preclude the 
possibility of this fructification being that of 
Lycopodiales or Equisetales. 
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It is possible that this may be a male spike 
belonging to some Pteridophyte. Important 
points in favour of this are that no cuticular 
remains are found and that sculpturing on the 
spore wall appears to be like some of the 
schizaeaceous types ( SELLING, 1944). How- 
ever, this spore could not be matched with 
any of the known schizaeaceous spores 
(SELLING, 1944, 1946; Harris, 1955). 
Moreover, the arrangement of sporangia’ is 
not like that of ferns ( particularly those be- 
longing to Schizaeaceae) although in Tri- 
chomanes of Hymenophyllaceae sporangia 
are arranged irregularly on a cylindrical axis; 
but the comparison does not go beyond this. 
Also annulus is absent and the size of the 
spike is much too large. Very few ferns are 
known from the Lower Gondwanas ( ARBER, 
1905 ) and those which are known are of un- 
certain affinities. 


The second possibility is that this male + 


fructification belongs to some Pteridosperm, 
although this type of fructification is not 
known in the northern types of pterido- 
spermous plants. The points in favour of 
this possibility are the exannulate sporangia 
and the arrangement of sporangia on a fleshy 
fertile axis. The fleshy heads which might 
have carried (? male or ) female reproductive © 
organs have already been reported by 
Plumstead in Glossopteris ( PLUMSTEAD, 
1956). However, it still remains a specula- 
tion at best. 

In any case the possibility cannot be 
ignored that some plants of the Glossopteris 
flora had such type of male reproductive 
organs. Whether these plants should be 
included under Pteridosperm or some other 
groups is a matter with which we are not 
concerned here. 
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EXPLANATION OF PLATE 1 


1. Fructification attached on a stalk. Nat. size. 

2. A part of the enlarged showing oval markings 
of the sporangia. x 5. 

3. A cluster of spores released from a sporangia. 
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4. A spore mounted without maceration directly 
from a fractured sporangium. x 500. 
5. A macerated spore. x 500. 
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